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AUTHOR'S PREFACE. 



In a book like this Manual of Inorganic Chemistry 
and Physics, new discoveries and novel theories can not 
be treated. The purpose is to set forth the accepted and 
proved facts forming the basis of the sciences in a manner 
which, in the author's opinion, will serve best for their 
clear and easy miderstanding by the student. 

In preparing this volume I have consulted all available 
works on the subjects, drawing on them for the facts stated. 

In some places the phraseology of the masters has been 
copied when it has seemed that lucidity and terseness would 
be lost in any change. In this way I am under especial 
obligation to Professor William Simon, of Baltimore, who 
has permitted my drawing extensively on his "Manual of 
Chemistry " for inspiration, expressions, and illustrations. 

To Dr. Pedersen, the Editor of this series, I owe much 
for valuable suggestion and supervision. 

A. McG. 

Baltimore, 1903. 
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EDITOR'S PREFACE. 



In arranging for the editorship of The Medical Epitome 
Senea the publishers established a few simple conditions, 
namely, that the Series as a whole should embrace the entire 
realm of medicine ; that the individual volumes should au- 
thoritatively cover their respective subjects in all essentials ; 
and that the maximum amount of information, in letter- 
press and engravings, should be given for a minimum price. 
It was the belief of publishers and editor alike that brief 
works of high character would render valuable service not 
only to students, but also to practitioners who might wish 
to refresh or supplement their knowledge to date. 

To the authors the editor extends his heartiest thanks for 
their excellent work. They have fully justified his choice 
in inviting them to undertake a kind of literary task which 
is always difficult — namely, the combination of brevity, clear- 
ness, and comprehensiveness. The authors have shown a 
consistent interest in the work and an earnest endeavor to 
cooperate with the editor throughout the undertaking. Co- 
operation of this kind ought to result in useful books, in 
brief manuals as contradistinguished from mere compends. 
The editor desires at this o]>portunity to express his a])])re- 
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ciation of their helpfulness in the matter of producing the 
proper character of work. 

In order to render the volumes suitable for quizzing, and 
yet preserve the continuity of the text unbroken by the 
interpolation of questions throughout the subject-matter, 
which has heretofore been the design in books of this type, 
all questions have been placed at the end of each chapter. 
This new arrangement, it is hoped, will be convenient alike 
to students and practitioners. 

V. C. P. 

New York, 1903. 
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CHAPTER I. 

INTRODUCTION, 

The Sciences of Physic^s and Chemistry describe the different forms 
and eonditions of matter, and (lie ehan^e^ therein under vari(>ns cimim- 
stancejs. When matter is altered iii iorm without any niodiiieatiun hi 
oompositioti the process is physical ^ and studied by Fhymci*. Changes in- 
volving aUerations of the essential composition of mutter are cfiemtftd, 
and treated of in Chemistry. The two series of changes are interde- 
pendent, and for correct understanding of cither some knowledge of the 
other is necessary. Many ehemtcal cnangea re^iuire for pfic^duetJon the 
use of apparatus constructed on physical principles. Therefore a consid- 
eration of certain elements of physics will pre(?eile the study of chemistiy. 

Definitions. — Physics^ that science which treats of matter and the 
forces anri forms of energy of the univerae, is diviJed into general and 
applied pkt/sics. 

General I*ht81CS treats of the phenomena of the action of fonse 
on matter, and the laws and the measure of the constants of these phe- 
nomena. 

ApPLfED Physics is the correlation of the results of study in general 
physics with tlie data of special ohservation, for the purpose of explain- 
ing the phenomena of the universe. 

The study of the constitution of matter and its properties, and of 
heat, light, and electricity, is included in general physics. Astronomy^ 
geology, terrestrial ma^etism, and meteorology are subdivisions oi 
apphed phyaica. 
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18 INTRODUCTION. 

FUNDAMENTAL PBOPEBTIES OF MATTER. 

Definitions. — Matter is anything that occupies space and is percep- 
tihle to our senses. All varieties of matter, even those which possess 
widely different characteristics, have in common certain properties, 
known as the essential or fundamental properties of matter. Extension^ 
Mobility^ Divisibility^ Elasticity^ Gravitation^ Porosity ^ and Indestructi- 
bility, are the most important. 

Extension is that property hy which matter occupies space. 

A BODY is a definite portion of matter — e. g., a lump of coal, a pen. 
a brick. Mass is the quantity of matter possessed by a body. All 
bodies have length, breadth, and thickness. 

A SUBSTANCE is a particular kind of matter — e. g., silver, iron, and 
wood. 

Mobility is that essential property of matter by which position may 
be changed, either that of one mass with reference to anotner mass, or 
that of particles to other particles within the mass. 

Divisibili^ makes matter separable into smaller particles, as by 
cutting, crushing, tearing, and similar mechanical means, or by other 
agents, as heat The extent of the subdivision depends upon the agent 
used — 6. g. , ice may be broken with a hammer into several particles, one 
of which may be ^und in a mortar into a tine powder ; a particle oi this 
placed under a microscope and heated will be converted into water, prov- 
mg that it was capable of subdivision and consisted of smaller particles 
which under heat became more mobile. This drop of water heated in 
an empty flask will form steam, a gas, and completely fill it. These facts 
show tnat mechanical means cause only a certain degree of subdivision, 
and that the smallest perceptible particle consists of many much smaller 
particles. These smallest particles are called molecules. 

Molecnles are the smallest particles in which a substance may exist cm 
st*ch, or into which it may be mechanically or physically divided. 

Atom is a term denoting the final subdivision of matter chemically — 
1. f*., toith a change in composition. Molecules contain two or more 
atoms, but atoms are not ftirtner subdivisible. Moleades make up siib- 
stances — e. g., water is composed of molecules, each containing two 
atoms of hydrogen and one atom of oxygen (HjO). Atoms are there- 
fore the final unit of subdivision of the elemenUi. A mass consists of 
an immense number of molecules separated from one another by inter- 
molecular spaces. 

Molecules and intermolecular spaces are proved to exist — ^in 
water, for example — by the fact that 1 c.c. of water boiled at ordinary 
atmospheric pressure forms 1800 c.c. of steam. If the 1 c.c. of water be 
converted into steam in a flask holding 1800 c.c, from which the air has 
been exhausted, and there be introduced into the flask a second and a 
third liquid, as alcohol and ether, the same quantity of these liquids 
evaporates each in the presence of the others as would have evaporated 
had the flask been empty and only one of the liquids put into it for 
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vaporization. The pressure in the flask nBes with the introduGtion of 
e4ich gafli bec!ause of the teneion of each gas. 

The OENEttAT. OCCUltRENCE OF MOLECULES AND INTERMOLECUrJi.R 

SPACJ!^ 18 ishown by the above, and by the facts that carbon dioxide gas 
passes through rea-hot iron, that water under jiresaure pasaes through 
gold, that no inerease lu volume of a fluid occurs when a m\t w dis^ 
solved in it, etc. *VA molecule is UAMXK.1OOOG millimeter in diameter. 
At first glance ] the figure seems beyond huninn com prehension ; yet 
these particles of matter arc measurable, with ^hape, motion, and laws 
of action" (Sir W. Thom|iaon). 

The Law of Avogadro. 

One of these laws is that of Avogadro : Bqnal wthtmps of different 
f/ft^4i at fhe mme hnnperahire and under the mm^ preitifitrt mntain the 
9avie tiuniJ^i' of molfcuks. 

Qravitatioii is the attraction of masses for each other. 

The Law of Newton- 
Newton' s law of gravitation m : Thr force of attractimi of Jmdtm for 
each other ix directly projtorf tonal f to their masses ajtd mveriielp propor- 
tkmate to the ^jtfarfR of their didance apart* 

A liody thn>wn into the air falls to earth without exerting perceptible 
attraction for the earth because of the great difference in their rc^ktive 
masses. There is, however, a mutual attraction between the falling 
^Kidy and the earth, which may be shown by exact experiment. Other 
phenomena of gravitation are the flowing of water and the resistance of 
a Kidy lo being lifted or oarried. 

Weight rs the quantity of mutual attraetion between a body and tlie 
earth, and is expressed hy a comparison or moasuremeot of it with or 
by some standara weighty as pound, gram, etc. 

Specific weight or specific gravity ( iSp. G. or *S^* G.) is the ratio 
of the weight of a l>ody compared wiUi that of an equal volume of 
another substance, taken as a stiiudttrd. 

Density or comparative mass m the mass of a body compared with 
the uiasj^ of an e^iiud vnhinjc of a standani body, and is ot^en used for 
specific weight. For nolitLa ami Uqimh the standard la water at the tern- 
penitiiTt of ^5° C. t ami for guiseXy ctthf^r atnioajjhenc air or hydrogen. 

li To Determine the Specific Gravity of Solids. 

1, SouiKs Heavier THAN Water.— First weiph it in air and then in 
water* The difference is the weight of the volume of water dinpiaced. 
The weight in air is divided by this figure. 
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2. Solids Lighter than Water*— First weigh it m ain then in 
water with a sinker attiu.^hed. The apeeific weight of the sinker is then 
determined and subtracted Iroia that of both. The specific gravity is 
calcidated aa before* 

3. Solids Soluble in Water. — The specific gravilj; is determined 
in a liquid having no scihent action the specific gravit}^ of which is 
known, and ttie weight ut' a corresponding volume of water is tsilculated. 

n. To Betermine tlie Specific Gravity of Liquids* 

Weigh eriual volumes of water and the given liquid and divide the 
latter bv the tbrnicr. 

The py kilometer is a flask of thin ^\vm holding accurately when com- 
pletely filled a i,dven volume at a definite temperature, and is maeh used 
lor determining specific gm\rity of fluids. _ 

The hydrometer Is an int^trument used for this purpose also, and la 
generally made of glass tubing, weighted below to mamtain it upright 
when floating and with a st^^m' above showing a scale. One form sinks 
iu water to a mark on the acalc^usually 1 — and the other marks show 
at once the si>ecific gravity of the fluid, according as the iustrmuent 
floats above or below or at this Icvek 

m. To Determine the Specifc Gravity of GaBea. 

The fact that gases, when liberated, expand in all directions seems to 
indie;ite that their molecules are not attrsictred by the earth, and conse- 
quently without weight. This is not true. A flank mill lodgh more 
jUhxl With air than Pinhm^tfjd of atr^ and its weight will varj/ taheit. siic^ 
e^ssii^eli/ coittainifif/ different tjasrs. 

The atmosphere is a layer of mixed gases, 50 to 100 miles thick, 
encircling the earth , and exerting pressure by \tB weight. 

The barom^eter is an instrument for measuring^ atmospheric pressure, 

A mercury barometer, the most common form, may be constructed 
by filling a glass tube, 1 meter long, dosed at one end, with mercurj% and 
inverting it in a vessel containing mercniy. The mcrouiy no longer fills 
the tube, but, leaving a vacunm above, falls to the lieight of about 3t> 
inches, where it is held by the prc£;stiie of the atmusphere on the sur- 
face of the mercury in the vessel. Therefore the weight of the column 
of nien^ur)'^ 110 inches high must be Cfjual to the weight of a column of 
air of the same diameter and as high as the layer of atmosphere is deep. 
The weight of a 30- inch column of mercury, 1 inch s<iuare, is 15 pounds. 
The atmospheric pressure is therefore 15 j>ounda to the sciuare inch, 
which is bonie without inconvenience because perfectly uniform in all 
directions. The atmospheric density and consPfjui^ntly the weight of 
raercuiy supported vary, chiefly^ because of atmospheric currents, tem- 
perature, and moisture. The imght of tfi4i mercuiy id lotcered constantly 
with ej^mition above the sea-ievH, 
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Foroaity conceroH the spaces between the molecules of a substani^, 
called t'OUES, whict may be large enough to be seen and felt, as jd char- 
eoal, sponge, et<?* Tiie proofs of the existenee ol' molecules and inter- 
molecular spaees, referred t4> above, are applicable t-o pores which cannot 
be seeu^ even under the micrescope. 

Surface and Surface-aetioiL— The sl^rface Ih the perceptible 
limiting parts of a body and of its pores. The surfaces of certain sub- 
stances show an attraction for certain others, known as SURF ACE- aotic>n 
or SLmFACE-ATTiLACTtnN, AilhemoHy cnpillart^ attracttoH^ the ahsorhhig 
powtr ofsoiiih and liqitida^ are phenoitiena depfading on ^tuiface-actimi. 

Adhesion is the attraction of the surface of solids for some hquids, 
ajxd the force joining the surfaces of bodies of different materials; wet- 
tin^^ by water or aicohoh and bluing in the arts, are examples. 

Capillary attraction is shown by the surface of a tube for the con- 
taineciUquiiL Whenever the liquid wets the tube, the fluid has a con- 
cave surface, that near the sides being drawn up. When the liquid does 
not wet the tube, as mertjuryT the suHac-e is convex, that near the sides 
being drawn dowti. Capillary elevation or depression varicB with the 
diameter of the tube, the temijerature^ and nature of the fluid. Nar- 
rower tubes and lower temperatures increase the elevation or depress ionl 
When capillary elevation occurs, the adhesion between the tube and 
liqnid is greater than the eohesion of the liquids The reverse exists 
With capilliiry depression. 

Absorption, — Solids abaorb gases, liquids, and solids held in solution 
by surface- a(;t ion. A solid of known weight will show a dcf^rettse of 
weight while warm and return to its original weight on cooling. The 
loss of weight is due to the dissipation by heat of gases condensed on 
the surface. 

When a soUd, particularly if porous, like charcoal^ is in contact with 
a mixture of liquids or a solution of several solids, the liquids or the dis- 
solved S£)lid8 an? partly retained by it. TIte porous solid also retains 
more of one kind of liquid or solid thnn of another. The pimfication 
of water by charcoal filtering* and the deoolori?:ation of sugar solution 
by bone-black, are due to this form of surface- attract ion. 

The Hurfnt^^-attmc^ion of liquids for gases causes their eondensjttion 
and absorption, ^Hie quantity of gas ali^orbed by a liquid varies for 
each gas and liquid ; ami is increased by low temperature and high 
pressure, and diminished by high tempera tnre and low pressure. 

Indefitmctibility is that property by which matter cannot l>e 
destroyed, although its form, appearance, and other pro]>ertica may be 
changed in many ways. The burning of oil is simply a change in its 
form ; gn.acs are formed and <lifFused in the atmospficre, and thence 
absorbed by plants or otherwiwj changed, but never destroyed. The 
total qtifiufifif of niffttfr fit the vntrrr^r t'^ coii^fmit. 

Elasticitj causes matter to resist cimiprcssion, tractions mid torsion, 
and to return, in whole or piirt, t-o itj? former size when the force is 
removed. Rubber is a very elastic solid. 
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THE STATES OF MATTER. 

Matter exists in three conditions or states of aggregation, viz. , solid^ 
liquid^ and gaseous. 

Convertibility of the States of Matter. 

Certain substances may be changed from one state to another : solids 
liquefiable by heat are called fuMe. Solids and liquids forming gases 
under heat and returning to solids and liquids, respectively, when cold, 
are termed volatile. Water is the only known substance existing in 
nature in all three states : soUd as ice, fluid as water, and gaseous as 
atmospheric vapor under the sun-rays. 

Sorations. — ^By the action of certain fluids, called solvents^ solids and 
gases may be converted into liquids, producing solutions^ and the solid 
or liquid is said to be dissolved. The solution may be physical or chemi- 
cal. In PHYSICAL SOLUTIONS, after the removal of the solvent by 
evaporation or other means, the substance dissolved is recovered in its 
original condition. In chemical solutions the dissolved substance in 
passing into solution is altered in composition. A saturated solution 
contains all of a given substance that can be taken up by the solvent at 
a given temperature. 

The Solid State. 

Definition. — Solids are characterized by a self-retaining fiqure, due 
to a mutual attraction between the constituent particles, which gives 
definite size and shape, to alter which requires force. This attraction 
is called cohesion. 

Crystals and Crystallization. 

Definitions. — Crystals are solids, whose atoms or particles are 
arranged in a definite manner, and whose external appearance is a 
natural, regular figure, bounded by plane surfaces, related symmetri- 
cally by fiixed laws. 

Crystallization is the process of the formation of crystals. It« 
explanation assumes that particles attract one another in certain fixed 
directions. 

Laws and MorpMsm of Crystallization.— This attraction can 
operate only under free motion of the particles, as after the solid has 
been rendered liquid {mdted) or gaseous {volatilized) by heat or after 
solution in some appropriate agent (dissolved). ^ 

In the liquid or gaseous state the particles are subjected to their own 
attraction and reunite as crystals on removal of the cause of the change 
of state. 
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Many solids cannot form crystals ; these substances are called amor- 
phoif^^ and are usually more csi.implcx in nature thau those that crystal- 
lize. Some substances cryatalliKe under certain conditions, but under 
others are aoiorphous. Certain subHtances form crystab of two or more 
sbapeR under di if ere ut conditiouEi of crystal! iaatrou, and are called di'jtwt'- 
phous ur poltjmotpiwrm. Tfw mime »}fl)Htttticr« vttthT the same aittditimi^ 
cdwtii/» form tlie same type of crystat Two different aubstatjces forming 
the same variety of coastal are called mtmorphom—e. g.^ magnesium sul- 
phate and zinc sulphate. Moreover, ci^^istaia of one such substance must 
develop in the solution of the other in order that both be called isomor- 
fihous. A crystjd of zino sulphate placed in a saturated solution of 
magnesium sulphate will be covered with erystala of magnesium sul- 
phate. When a sijlntion of isomorphous substances crystaUizes, the 
crystals arc made up of both substances. 

When a solution containing two or more ttoH-t'nomfU'phftm (hekromor- 
phoHs) BubstanccsT as sodium sulphate and sodium chloride^ crystallizes, 
distinct crystals of each subritanee will ho formed. The separation of 
solids by crystal I izatiim depends on this proiierty. 

Axes of Crystallizatioil. — These are imaginary lines passing 
through the centre of the crystal and uniting nppmite, pfirttUtl ftidfji or 
oppnsile ani/Its, assumed to exist, for defining the position of the planes 
and angles. 

Water of crystaUlzatioE is the water taken up in definite quantity 
by eertjiin substances as a necessary clement in the lormation of crystals, 
A {fitmi mfti^fidice ahmiua rmuire^ the same quant if y of water to dev^op 
the saineffitm of ctHj^tid under the same mmmimm. 

Characteristic Properties of Solids* 

Hardness, brittlenesa, tenacity, malleabilTty, and ductility, are the 
most siL'nifirant proi>erties, and depend on differences in cohesion. 

Hardness resists attempts to force a paasa^^e between or to displace 
the particles of a sohd. A diamond is hanler than glass. 

Brittleness is the property of breaking easily under extemnl force. 

Teaacity resists attempts to pull the particles asunder. Steel wire 
is reniitrknl^y tenat^ions. 

Malleability permiti^ solids to be hammered or rolled into sheets. 
(jt)ld IB very ni all cable. 

Ductilitj allows solids to be drawn into wire. 



The Liquid State. 

Liquids have nn mJfmdmstettt Jtfjnrf^ eonger[nently require a eon- 
tjitner, and present a hnriaimtid snrface. In liquids cohesion acta less 
energetically than in s^^lids, pertuitting free motion of particles^ hot acta 
sufficiently to form drops. 
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The Gaseous State. 

Grases have no ^tymibstJ^fciit Jigunt. Tlieir luoleculci^ move freely in 
every direction. Cohesion is entirely suspended. The molecules repel 
one another, and tend to spread in all direetions. Gasea require a closed 
vessel, on whose sides the moleeulur motiotj produt^es prEssure^ a charac- 
teristic ol' gaseSi knowii alao as tension or tifUticUy. 

Tiie Law of Boyle or the Law of Mariotte. 

Tlie mlmm of a confined gas m im^rsel]/ as the premure^ and tJt^ denr- 
sit^ and ela-ntictty are dtrecll^/ it^ the pressure and inversely fu tJie vohmie. 

BiffflfliQE is the gradual and spontaneous pass^ige of one gm, into 
another guSj one liquid into another^ or of a dissolved substance into 
another hquid. 

I. DiPPUSiox OF Gases.— If a bell-jar of oxygen be placed base to 
base over a bell-jaT of nitrogen dioxide, the gases will pass into one 
another until a homogeneous mixture results, and this will occur even 
when they are separated by some porous substance. The rapidity of 
diffusion depends on the apeciiic gravity of the gaseSj a specificallj 
lighter gas diffusing more rapidly according to the law of Graham. 

The Law of Graham, 

The. diffmmi-vdociti/ of a gas is mversdp proportmual to the tqitare 
root nf j'ta dermty, 

IL Diffusion of Liqlttds.— This maybe observed by pour iti^ water 
on ie:lycenn. After standing a iiniforni mixture reaulLs. Wafer poured 
on a solution of salt will gradually mix with the latter into a uniform 
solution. If the two solutions are separated by a porous diaphragm, as 
a bladder or parchment- paper ^ tlie diffusion will occur as before, and the 
process is called mmcm^ or dinl^m. The apparatus used is called a 
diniyz<'i\ 

Different subetaiiceB behaTC Tariously during dialysis. In general, 
cr]V'stalline osmose more rapidly than amorphous aubatances. ThosaJ 
subst^xnces which do not diafyze are called collfmh^ and those which dojl 
cnf^fidloid^. 

III. DiFFTTSTOPT OF SoLms* — Perfect solution is first necessary in 
lH|uids which will diffuse when in conta^-t. The diffusifm of the solution 
then occurs acconlitig to the laws for this process among liquids, 

rOECE AND ENERdY. 

Porce k the action of matter on matter^ changes or arrests motion, 
and m a manifestation of energy, originated in various ways. 

Energy, a property of al! matter, is the power of performing work^ 
i, e,, of transferring motion from one body to another. 



QUESTIONS. 
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mW Forms and Convertibility of Energy. 

Eijerf^^y issiats in different fomoB : the motion ni' bodies in &,tertiai 
with retemnc^e to nther bodies, or nUmiial with reference tu their own 
atoms. Heat, U^lit, tjleti trinity , and chemical action ^ are all t'onns of 
energy. Encrfl:y is jtotrttti'td or kifietic. 

Potential eaer^ Is that o^' position, or restrained motion, capable 
of being converted entirely into itctivr or lineti4i energy. The energy of 
wat^r ia potential in a reservoir and kinetic in turning ft inlll-wheel when 
released. 

The Law of the Consenration of Energy. 

The QUANTCTi^ OF EXER^jir in the nnivense i^ constant, although its 
varieties are infinite. The total potential ener^^ of the reBeT\H>ir will , 
become the same kinetic total in the milbmachmerj- and the heat of i 
friction. This tot*il kitjetic energy ia reconverted into an equal potential- 
total ill doing the work, und stored up wme where for future cimnge* 
The principal stores of energy available for human use are the corabus- 
tiUes, moving water or water at an elevation, atmospheric cnrrents, 
miiHcles of animals, the tides, and direct solar radiation. The smrrce of 
(ill thf^p forms of metgy^ exve}it that (f the thh^y is the radiant energy 
of the iKifti. 

The iKDEBTHUCTfBiLm' OF Energy.— One form of energy ma^ be 
converted Into another without loss. Heat may l>e converted into 
Tiiotion, motion into chemicfd energy or electrical energy, electrical 
energy into heat. This fact is spoken of as the law of the conservation 
of energy. 

QUESTIDNB. I 

What is matter? 

Define five fmidamental properties of matter- 

What are tlie ctiariit-t«ri sties of the three states of aggregation ? 

Dt-^finc forei? and energy* j 

Wliat if? tniyiiit by pot4?ntial energy and kinetic etiergy? I 

What i» Tneaot by a fusible snlw^tatjce ¥ * 

What iis mennt hy a volatile sa\i»t^ii€e 7 

What are ttio diflcreTjces between ainorphotts, polymorphous, and isomor- 

phiiOFs snbE^tane^s 7 

What b? water of ery*itallisciitii>n ? I 

What are the axes of crystalfi? j 

DL^dne the chftrftcteristie properties of solids 7 I 

Define eoliesion, adhesion, jind ^mvitation. I 

Stiitr' the law of l5oylc or Muriolte. I 

What is a nla^vs. nnd what is a tnoleeule? I 

Explain the cxistetiee of molecules and inteTmoIecal*r gpoc^. 
States the law of Avogartro. 
Define weiji^ht and spe^'iflr weipht. 
How may a spec! tic wei^rht be detemiined of a liquid, a gas^ a solid heavier 

tbati water, a solid lighter thun wat^^r, and a solid golable in water? 
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What is an hydrometer? 

What is a pyknometer ? 

What is the ordinary atmospheric pressure? 

How is atmospheric pressure determined? 

What are surface-action and capillary attraction ? 

What is diffusion ? 

What is dialysis ? 

What is the difference between colloids and crystalloids? 

State the law of Graham. 

What is the law of the conservation of energy ? 

What are meant by solution and by saturated solution? 



CHAPTER II. 

HEAT, 

THE THEORY OF MOTION IN HEAT. 

The molecules of all substances are in constant motion: those of 
solids being held in a fixed position can vibrate only forward and back- 
ward, those of liquids are less restricted, and those of gases are free in 
all directions. All molecules thus have kinetic energy, and those of 
liquids and solids have also potential energy, due to then: molecular cohe- 
sion, to overcome which requires energy from outside sources. When 
this potential becomes kinetic energy and the molecules vibrate with a 
certain rapidity, that form of kinetic energy called heat is developed. 

THE SOURCES OF HEAT. 

The sun is the j)rincipal and the molten interior of the earth, friction, 
compression, electric currents, chemical action, as ordinary combustion, 
and animal life, are other sources of heat. 

THE GENERATION OF HEAT. 

The common method of generating heat is by combustion (see 
the chapter in Chemistry on this subject). 

The electric furnace produces temperatures much higher than for- 
merly possible ; sufficiently high to liquefy or volatilize all substances. 

THE EFFECTS OF HEAT. 

Heat-energy changes the position of the molecules of a body, or 
increases their motion, or both. With this increase of motion — i. c, 
kinetic energy — a rise in temperature occurs measurable by thermometers. 
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Temperature is the ability of a body to give or receive heat. 
The ufTect of beat on moletuhir motion and poiiition is ilJtistrated by 
its action on ice. A thermometer iti a vetiiiul containing melting ice 
records U"" C. (32^" F.). Heat apj;>bed to the vessel will melt the ice by 
overcoming the potential energy of its molooular ex>besiou. Until the latjt 
Lparticle of ice has disappeared the same temperature is recorded. After 
*that, under eontinued heat the temi>eratiire will rise to lfHJ° C. (212^ 
F. ), when the wat^r will be eon verted into gas (HteamJ^ because the poten- 
tial energy of the cohesion has been entirely overeomts and as steam 
the molecules move freely in all directions. Here the thenuometer'ft 
recor<l remains stationary until the water has disappeared. 

Latent Heat. 

Principle,— ^mi-CTicrp^ wm n&ed in converting tJie iee into wat&*, 
ami the water mto steum^ and yti U not rei'ttnltd by tht thrrnufmeter. 

Definition* — This umrecitrtletl heat — the energy reQuin^^l to over- 
come the potential energy of molecular cohesion of solids and liituida — 
is called Uittnt krnt. 

Sensible or Free Heat. 

Latent Heat becomes mmlJe or free kmi when the process ii re- 
versed) im in heating by steam condensation. 

Expansion and Contraction.— As a rule, bodies exjiand when 
HeattHi A bar of metid vvbkb gau^^es accurately when eftld is too lar^fe 
when heated ; and on cooling again gauges. A gla-*^ bulb with a narrow 
neck filled with lifjuid, shows expansion of the llifuid up the neck under 
heat and a contraction to its original volume on cooling. 

Tf an open flask of air he inverted under water and heated^ the air 
will expand, and finally will bubble out through the water. On cooling, 
the water will rise into the flask, replacing the escaped air 

Mr-cepfmnn fn ^i7>fi».?/Vi#. — Notable exeep t ions to thib* rule lire : water 
contriicts when heated ftom <f V. {^ F.) to ZA}"" 0, f:Hi° F.). but ex- 
pands when further heated \ and cast-iron, sulphur, and type-metal, all 
expand at the j>oint of solidification. 

The tffiffrer of er'pattmoH varies with the different states of matter* 
bein^ least in sohds nnd grejitest in giL*^es. Metids expand more than 
most other solids^ solids and li<tiiid^s vary with eac^h particular sub?;tanee, 
but gases expatjd with fixed regularity, which was detennined by ( ■harles. 



The Law of Charles. 

U»*i<er eoiistatit preMiire thfi volume of a gan increases or ilecreonm 
dirfHly ft It the ttirvpfnttnrf. Wtfh tt eonmlnnt voluim the. pre^nfe in4!reaseA 
or tli'cretues tlirectlt/ a^ the tanpentlttre. 
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The expansion or contraction of gases is 0.3665 per cent, or ^^7 of 
their volume at 0° C. for each degree Centigrade. 

Expansion and contraction are respectively due to increase or diminu- 
tion in rapidity of molecular motion. 

The limit of increased motion is unknown, but that of decreased 
motion is probably determined. According to the law of Charles, the 
volume of a gas at 0° C. will increase ^ for each degree centigrade 
raised. Accordingly a mass of air at 0° C. heated to 273° C. will double 
its volume. If the temperature be reduced, at — 273° C. the air would 
mathematically have no volume. What actually would occur in reach- 
ing this low temperature is, the air would be liquefied, then solidified, 
and finally at — 273° C. become a compact mass at absolute molecu- 
lar rest. 

Absolute Zero and Absolute Temperature. 

Definition. — ^This point of no motion or no heat is called absolute 
zero^ and temperature reckoned from it, absolute temperature. 

The absolute temperature may be found by adding 273 to the reading 
on a Centigrade and 491 to that on a Fahrenheit thermometer. The 
fractions ^^ and ^^ are hioum as the coefficients of expansion for 
Centigrade and Fahrenheit degrees, respectively. 

It is often necessary to reduce the voliune of a gas at any tempera- 
ture and pressure to the volume it would occupy at 0° C. and 760 mm. 
barometric pressure — i. e. , at the standard temperature and pressure. 

1. To Reduce the Volume of a Gas to that at 0° 0. 

The volume of a gas is proportional to its absolute temperature. 
Therefore to reduce the volume of any gas to 0° C, find its absolute 
temperature and calculate by simple proportion — e. </., if a gas measures 
119 C.C. at 36.4° C., its volume at 0° C. is found from the proportion: 

119 : (36.4° + 273°) : : x : (0° + 273°) 
119 : 309.4 : : x : 273 

^ = n?X2_7_3^,^^105c.c. 
309.4 

In this reduction the pressure is supposed to remain constant. 

2. To Reduce the Pressure of a Gas to Normal. 

Use Boyle's law— viz., The product of the pressure multiplied by 
the corresponding volume of a gas is always constant when the tempera- 
ture is the same. Expressed in equation, Boyle's law is, PV=pv. 
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If in the above case the 105 ac. were under 755 miD. pressure, 
volume at 7*iO mm. ig found by the equation : 

1U5X755 = ;ijX7G0 i 

^ ^ 19^1^5 = lul . €.7 c. c. 

Evaporatioii. — Many liquuis and solids are convert^ into pitses at 
jmtri}/ <jU tmtpt'ratiireii — e. g. , water atid camphor vaporiaie at onlinary 
temperatures. The fact is cxplainetl by assuming that while in rapid 
mutton some muleoulefl get beyond the attraetiati of the surrouuding 
molecules and are mixed with the atmospheric mole<!uleit. 

Boiling'. — This evaporation mu^t not be confounded with boiling, 
whieh i^ the rapid conversion of li liquid into a gas, at a fixed tempera- 
ture, with ebullition, which is the phenomena produced by the formatiun 
of ^as in the liriuid. This fixed temperature is the iMjilmfj-poiiit of the 
liquid, and la the highest point to which it may be heated under normal 
atmospheric pressure. 

Prcmm'e materkilhf affects the. hoiUug-polat Water boibt at 100** C. 
or i^l^"" F. under I atmosphere. Increased pressure, as in a steam 
boiler, raises the boilini;;- point — preaaure of 2 atmospheres raises it to 
122° C* (25r P.). Reduced pressure, as on a mountain or in a vacuum^ 
lowers the boiling-point 

Pai*in's bWii^TER is a closed boiler for heating water under pressure 
and raiding its boiling-ftoint. At the hl^h temperature under 4 or 5 
atm<>s|dicres albuminoid substances, ordinarily maoluble, are quickly 
dissolved. 

Lifi[ll6fQ.Ctloil and VEporizatloiL^ — Solids are liquefied or vaporized 
by heat, Mofit solids form liquids and then gases at high temperatures ; 
while others — e. f/, , calomel — piisa directly into a gas. 

The temperature at which a solid is liquefied is called the point of 
LIQUEFACTION (melting-point), and that at which it is vaporized j the 
POINT OF V^OLATILTZATION. 

Condensation. — The mmhusatmi-immt is the temperature at which 
a gas bccitmes liquid. Fur the licpiefaction of substances which are 
gasea at all ordinary temperatures high pressure and low temperature 
are combined. 

Critical Temperature, 

For each gas tliere is a limit of tern pen it lire, called the critical teni- 
pcmttirf^^ above wliich it cannot he liqut^fied by any pressure however 
great. The failure uf former attempts to liquefy many gases was due to 
th^ fact that although the pressure used was more than sufficienti the 
critical temperature was not reached. 

Solidification,— Ffieez IN Q-POi NT is the temperature at which a 
li^juiil hecifme,H solid* 

When a .solid is dissolved in a !ir|uid the boiling- and freezing-points 
will vary according to the concentration of the solution. 
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The addition of salt to water for culinary purposes^ in high altitudes^ 
is to provide a sufficiently high temperature to cook the food. The melting 
of ice by salt depends on the much lower freezing-point of a solution 
of salt than of pure water. The fall in freezing-point is nearly constant 
for each molecule of solid dissolved in 100 molecules of Uquid. 

Cryoscopy. — By this process the relation of simple to complex 
molecules in the urine is determined by the freezing-points of urine and 
of a solution of sodium chloride. 

Distillation is the conversion of a liquid into a gas and the recon- 
version of the gas into a Uquid. 

Snblimation is the conversion of a solid into a gas and the reconver- 
sion of the gas into a solid. 

DestructLve distillation is the heating of non-volatile organic 
matter in such a manner that air is excluded and the organic matter is 
decomposed. 

Fractional distillation is a distillation in which the receivers are 
changed with increasing temperatures of the liquid to be distilled. By 
this process liquids of different boiling-points may be separated from a 
mixture. 

THE OBSERVATION OF HEAT. 

The Thermometer. 

Definition. — ^These are instruments for measuring variations in 
heat-iiitensity. 

Principle. — ^The construction of thermometers depends upon expan- 
sion. The commonest are the mercury thermometers. 

Construction. — Mercury is introduced into a capillary glass tube 
with a bulb, and boiled. The tube is then sealed. The instrument is 
then placed in boiling water and the boiling-point of water marked, next 
in melting ice and the freezing-point of water noted. On a Centigrade 
thermometer the distance between freezing-point and boiling-point is 
divided into 100 degrees; on a Fahrenheit thermometer, into 180 
degrees: therefore, 1 degree C. = 1.8 degrees F. Fahrenheit did not 
begin to count with the freezing-point of water, but 32 degrees below 
this point ; consequently on the Fahrenheit scale the freezing-point of 
water is 32° and the boiling-point 212°; on the Centigrade these points 
are 0° and 100°, respectively. 

Degrees of heat below 0° in either scale are indicated by the minus 
sign— e. g. , — 40° F. , — 20° C. 

To convert Centigrade degrees into Fahrenheit, multiply by I.S and 
add 32. To convert Fahrenheit into Centigrade, subtract 32 and divide 
In/ 1.8. 

Specific Heat. 

Tliis is the heat-quantity required to raise a definite weight of a sub- 
stance a definite number of degrees compared with that required to 
raise the same weight of water the same number of degrees. 
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Tile Calonmeter. 

DSFlSirnnN. —This iustniment measurers the quantity of heat gener- 
ated hy the combustion of & sabstant^e, 

PErNGlPliE. — Tiio instruments arc constructed to burn a definite 
quantity of a substance in oxygen under pressurej in a chamber sur- 
rounded by a known (quantity of water, the rise of whose temperature 
is the b^is for ealeulation. 

The calorie is the unit of meatiure for heat-quantity. 

Tlic LA ROE CALimiE ts tht qmtt^dltf of htal Tefpnrcd to ram 1 Mo- 
grtim of water 1 degree V., or uboitt 1 pound of ivttfn- 4 degrees F, 

The SMALL CALORIE raises \ gram of tcater 1 degree C. 

Joule's EquiTaleot of Heat. 

Heat and work being different forms of energy, are interconvertible, 
1 calorie of heat is equivalent to the imrk-fttfTfry of raising 42S. 5 
kilograms I meter high or 3077.6 pounds 1 foot high. Jtmh-'s eqttiva- 
hut is, thertfore^ 426.5 kilogravi-mctenf, or ^U17 .(y fooi-potinds. 



THE TRANSFEEEENCE OF HEAT. 

Heat may be transferred from one substance to another by mmlue- 
tioft^ CLtitr^vlfony or radiation. 

Conduetioa is trans ierrence from one molecule directly into its 
neighbor. 

Conyection is the transfer by ascending and deiscending currents. 
&jiializing the temperature. If a piece of ice be fixed in the bottom of 
a test-tube, filled with water, the upper portion of the litjiiid may l>e 
[boiled without melting the ice. If, however^ the heat be apjilicd to the 
b<5ttom of the tubei currents are set up in the liquid, the temperature 
of which remains at 0** C. until the ice has melted and then gradually 
rises, T/te fifmosjyhen' Vi htyttrd, chirfl}/ hi^ CfmiHtiioji. The air in con- 
ttraet with the earth is wanned, and rises, creating a eurrerit. The 
reheated air in risinet also move.H laterallv, and in this way produces winds. 
Hadiatlon, — To explain the lnitif*fcr of beat by ntdiafiou, the exist- 
ence of the hyjiothetical agent ether is assumed, s medium of extreme 
tenuity and elasticity, supposed to pervade the universe jtud all matter. 
Tlie rapid molecular vibrations of a heatefl bf:>dy set up vibratiorr!* in it, 
similar to those in a pool of water by a atone thrown into it. The length 
and sf>eed of tlienc vibrations of ether may Ix' measured accurately. 
When thr. fu^dt wavf^s of ether strike a hmhi, fhet/ mnjf he (dfMarl*et^j 
Irefltetetl, trfTuxntitfid, or diffitsetL When altsryrhed. they cause more 
lyapid molecular movement of the absorbing l»ody, and therefore increase 
I its heat. 

TrtiiisffT of hettf hy ether nvrveft vi hefttiitf/ In/ radmtmi^ and ^s the 
I fiiethod hy tanich the ^m^s heat reaches the earth* 
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QUESTIONS. 

What are the principal sources of heat ? 

What is the effect of heat on a substance ? 

What are latent heat, free heat, and specific heat? 

State the law of Charles. 

What is meant by absolute zero and absolute temperature? 

What is the absolute temperature corresponding to — 12° C, to 33° C, to 
55°F., to— 25°C.? 

What are the normal temperature and pressure for measuring gas- volume ? 

What will be the volume of a gas at normal temperature and pressure 
which measures 66 cc. at 54.6° C. under a pressure of 758 mm. ? 

What is meant by boiling-point, melting-point, and freezing-point? 

What is the influence of pressure on boiling-point ? 

What is Papin's digester? 

What is meant by cryoscopy, and on what principle does it depend ? 

What is meant by distillation, sublimation, and destructive distillation ? 

Explain the construction of a mercury thermometer. 

How many degrees Fahrenheit correspond to 45° C, to 10° C, to — ^20° C, 
to— 40°C.? 

How many degrees Centigrade correspond to 50° F., to 104° F., to —23° F., 
to-40°F.? 

What is a calorie, and what is the relation of 1 calorie of heat to work ? 

What is meant by conduction, convection, and radiation of heat? 

What is the critical temperature of a gas ? 

What is the value of the large calorie ? Of the small calorie ? 

State Joule's equivalent of heat. 



CHAPTER III. 



LIGHT. 
Definition. — ^Light is the visible form of energy. 

THE THEORY OF MOTION IN LIGHT. 

Like heat, light is produced by increased molecular motion, and trans- 
mitted bv vibrations m the ether. An iron bar slightly heated emits 
heat, ana highly heated, both heat and light. Greater heat causes in- 
creased molecular movement, consequently greater ethereal vibration, 
thus producing light. 

The Relation of Thermal, Photic, and Chemical Action. 

That light is different from heat may be shown by the differences of 
action in producing chemical changes: Fhotograplis result from light 
acting on silver salts. 

Therefore molecular motion sets up vibrations in ether y and produces 
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at the same time A«a/, Uffhtt or chermca^' (wtion. 
fmtatiom of radiant energy. 



All are different mard- 



The Character of Light Waves. 

VELOcnr.— All these etiier waves travel through space at the veloc- 
ity of 300jOlX) kilometera (186, ODD miles) per seeunJ^ but those woduc- 
ing auch various results differ ironi one another in length and height (/re- 
qiifnvy and ampUtitde of vibrtttioa). 

Visibility. — Waves measuring in length from 650 to 442 mtllionths 
of a millimeter, and making between 4T7jiKJ0,00<> to *)99jOO(.>,OLK> million 
vibrations per second, produce the sensation of light* 

Color, — According to their freciucncy, these waves produce sensa- 
LtioDS of color ; the waves of least irequeney and greatest length produce 
Fthe sensation of red. W'iiii increase of frctiuency* sensations of orange^ 
yelJow, green, blue, indigo j and violet hght appear sueceasively. 

Infm-red wares are those of too limited trei|ueiicy to be visible, and 
have great heating power. 

Actitiic or ultra-rinht raua are the invisible rays of greater frequeaey 
than violet vibrations, and have high chemical aetion. 



THE J^SOEPTION OF LIGHT. 

Day-light {white Jiglit) is a mixture of waves of different length and 
heidit^ affecting the eye simultaneoiislyj so that no eolor iiredomi nates. 

fepEcrFTC Color. — Objects show a specific color under white li^ht, 
not througli any inherent color, hot beeause the light may be entirely 
or partially ah»fwhd or reflected. Absor|itTon of all the rays gives black. 
Of all except the violet, makes violet. The color of objects is an eff*ect 
of light, without it alJ objects are of no color — i. e. , black. Light itself 
IS invisible. Consciousness of it is not by s^jeutg its essence, but some 
object emitting or int€ree]iting it. 

Transparent bodies rettdfh/ and comphtvly transmit light, trmiducent 
bodies only pttrffalff/, and ftpfiqiif bodies »o/ at alL 

riiioreseence is the property of certain tninsparent substances of 
tecoming self-luminous while exposed to direct hght, 

Phoaphoreseenee is the property of luminosity without combustion 
ud withijut exposure to lights 



THE REFLECTION OF UOHT. 

Light alwa.vs tTnvels t!i rough a Ijomoge neons medium in a straight 
I line. A unrrow cylinder of light is c^dlcd a mv, pfneif^ or httrm. A ray 
falling on a higldy polished surface (mirror) is intcrceptedj and refkcted 
(glances off). 

3— P< L C, 
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LIGHT. 




The Law of Reflection. 

With plane mirrors the angle of incidence is always equal to the angle 
of reflection (Fig. 1). The angle i be- 
tween the incident ray CB and the per- 
pendicular NB is eoual to the angle r 
between the reflected ray AB and the 
perpendicular. Heat is reflected a^ccord- 
ing to the same law. 

Images in mirrors depend on reflec- 
tion. A perfectly smooth plane reflecting 
surface is invisible, reflected images only 
are seen in it. Most objects are bounded 
by more or less rough surfaces, whose ir- 
regularities reflect, diffuse, or scatter light, 
Reflection. and render the object visible in all directions. 

THE REFRACTION OF LIGHT. 

Definition. — Refraction is the change of direction which a ray of 
light undergoes when passing from a medium of one density to another 
of different density — e. g. , air and glass. If the ray strike parallel sur- 
faces perpendicularly^ there is no refraction. If the ray does not enter 
perpendicularly, it llends out of its course and moves in a straight line 
m the second medium in a direction different from that in the first. 

A straight stick held obliauely in clear water appears bent at the point 
of immersion, because of retraction. 

The Law of Refraction. 

The ray SI entering a denser medium (a glass plate with parallel 
sides) bends toward the perpendicular N'^R. On re-entering the air 





Refraction through parallel plate. 



Law of refhiction. 
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it again bends in the direction RS^, atcay from the perpendicular, to 
such an extent that extensions of SI and RS^ are parallel (Fig. 2. ) 

The ray i^/ passing from air into water bends and takes the direction 
SI. The angle RlJy is the angle of incidence, and SIN the angle of 
refraction (Fig. 3). 

The ratio between the sines of the angles of incidence and refraction 
is constant for the same media. 

When one of these media is air, this ratio is called the index of 
refiractLon of the other medium — e. g. , if a ray 
of light pass into water, the ratio of the sines is Fig. 4 

4 : 3. Therefore the index of refraction of water 
is 1 = 1.33-1-. 



The Critical Angle. 

As a ray emerging from denser into rarer 
media is refracted from the perpendicular, 
there is a limit of size of the mcident angle 
permitting the refracted ray to emerge, called 
the critical angle. SOB is the critical angle, 
the largest allowing the ray ^S'O to emerge into 
the air. The ray PO is reflected back into the 
denser medium as OQ (Fig. 4). 




Critical angle. 



The Refraction of Light through Prisms. 

Definition. — In optics a prism is any transparent medium com- 
prised between two planes inclined to each other, their intersection is 
the edge^ and the angle between them, refracting angle. Triangular 
glass prisms are generaUy used (Fig. 5). ABC is the section of a 




Refraction through a prism. 

prism, A the apex, and BC the base. A ray /S'/ falling on the prism 
will not pass through in a straight line SIS\ but bends twice, in 
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accordance with laws of refraction, first from I to I^ and then to ^, in 
degree according to (1) the prism-angle, (2) its refractive index, and 
(3) the angle of incidence. In the figure i is the angle of incidence, 
r that of refraction, and D is the angle of deviation. 

The Dispersion of Light through Prisms. 

Definition.— Dispersion is the spreading out and separation of light 
after its refraction into its constituent colors. In Fig. 5 the ray is 
represented by a line throughout. In reality the beam does not come 
through a prism as white light, but its constituent colors are refracted at 
different angles, giving rise to a band of light containing all the colors 
of the rainbow (violet, indigo, blue, green, yellow, orange, and red). 
Violet rays are refracted most, and red least. These colors (called the 
PRIMITIVE colors) gradually merge into each other, forming the 




Prismatic spectrum. 

prismatic spectrum. In Fig. 6 A represents a ray which unbent, would 
strike the screen at X, but in passing through the prism Pis refracted, 
dispersed, and forms the spectrum. The colors are indicated by their 
initial letters. If the ray on emerging is passed through a second prism, 
i^, greater dispersion will occur. 

AclLroniatic prisms are constructed to refract but not decompose 
light, and consist of substances having different indexes of refraction 
and dispersion, combined to neutralize each other — e. g., a-ovm glass 
has its dispersion neutralized by that o^ flint glass. 

The Spectroscope. 

This instrument is for observing the spectrum. Fig. 7 represents the 
single-prism type. Its parts are the prism P, the tube J., at whose dis- 
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I lal end liglit is admittid through a slit controlled by a screen. A convex 
(lens, the collmiutot\ sit the other end, coltecta the H^ht in nearly piirallel 




ap^ctrQBcope. 

fays, which are dispersed by die prism, and the sDectnim is observed at 
through the telescope B. By iU ami nation through the tube 6^ a 



Fia. 




Dlrect-vJulun lfI>t^t!t^JSCOpe. 



fin^-scale phot^jgraphed on glass is reflected fnun the face of the prism 
down B^ to the eye, to measure the positiouH of lines or colors. The 
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;lass vessel a, having parallel sides, contains liquids for speotroaoopy. 

^he direct-vision spectroscope (Fig. 8) is more easily portaole, consists 
of a cylindrical tube containing an ocular lens and irom 3 to 7 prisms in 
a draw- tube, an adjustable slit, and a collimator lens between the slit 
and the prisms. The prisms placed opposite one another are alternately 
of crown and flint glass. The dispersive power of the latter is nearly 
double that of the former, while their retractive power is nearly the 
same : thus a ray is very slightly deviated, but sufficiently dispers^ for 
spectroscopic uses. 

The Types op Spectroscopic Image (Spectra). 

Spectra are the images observed in the spectroscope. 

Continuous spectra show all the primary colors, and are observed 
from luminous solids or liquids. 

Bri&^ht-line spectra are observed from luminous gaaes, as when cer- 
tain substances are volatilized by heat. Bright lines in different colors 
of the spectrum (the remaining colors being invisible) vary for ea/ih de- 
ment, so that any element may be detected by its own line-spectrum. 

Absorption-spectra are obtained by mterrupting the passage of 
light to the spectroscope by certain media. If a crystal of sodium chlo- 
ride be heated in a non-luminous flame, the flame will be colored yellow, 
and if such a flame be examined spectroscopically a bright-yeUow line in 
the yellow part of the spectrum will be seen (the other colors being 
invisible). This is the bright-line spectrum of sodium. If the spectro- 
scope obtain a continuous spectrum from an electric light, and then the 
sodium flame be brought between the electric light and the spectroscope, 
the previously continuous spectrum is interrupted by a black band {occu- 
pying exactly the position of the yelloio line of the sodium spectrum, called 
the absorption-band of sodium, and the spectrum is the absorption-speC' 
trum of sodium. 

Franenhofer Lines.— Sunlight shows a spectrum intemipted by 
mnny black lines, called after their discoverer Franenhofer line^, the 
naore prominent ones being designated by letters as landmarks in describ- 
ing positions of bands within spectra. These lines are due to volatili- 
zation of certain metals in the sun, and the presence or absence of any 
metal in the sun may be proved by a comparison of its absorption-spec- 
trum with the Frauenhofer lines of the solar spectrum. Absorption- 
spectra are of great assistance in recognizing solutions of alkaloids, like 
quinine, and of blood and blood-coloring matter in solution. 

THE DOUBLE BEPBAGTION OF LIGHT. 

This is the power of refracting light in two directions. Printing 
viewed through glass is not altered, but through certain crystals (calcium 
carbonate— i. e. , Iceland spar) is duplicated. Light through a pinhole 
in a card observed through a crystal of Iceland spar, appears as through 
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eack of two holes. If the crystal be rotatyed in a plane parallel to the 
card, one hole appears to rotate around the other, which reniiiins nearly 
station aiy. From these tkjtis it is evident that the entering ray is split 
into two, one, called the ordinart/^ obeying the laws of refriK^tion 
already mentioned, while the ether, disregarding? theni^ in called the 
e^lraordinari/ ray. Thus are the phenomena of double nf met ion tionsti- 
tnted. The optic axis of such a chystal is the Une through wkidi 
doidde refraciioit u suspended. 



THE POLAEIZATIOK OF LIGHT. 

TmtrmaUnt is a double-refracting substanee, adding^ the power of 
ahsorbtug the ordinary ray. If two tourmaline plates cut parallel to the 
axis of tne crystal are joined ia a crossed positiun, li^^ht throui:h the 
fir&t is cut ijff by the Beoond. If the two plates he turned on one 
auother, they are moat transparent in two positions, one, (he itonmd 
relafive positmn of the plattis m the crystal^ and the other J 80 decrees 
frmn this. The eombinatiou is entirely dark in two jvositions, at right 
augl^ to the original position in the crystals, and intennediatc posi- 
tions show partial darkness. This behavior shows that light alter pass- 
ing tliroogh tourmaline exists in a peculiar conditiou. It is planb- 

POLARrZEn. 

IlEPiNtTi ON. —Polarized light undulates only in the one plane, while 
ordinary hght undulates in all planes parallel to the line of projuiiration. 
The ether undulafions may be compared with those of a cord tiistened 
at one end and shaken at the other. Tt will then undulate in a hori- 
KontaK oblique, or vertieal pkne, acet^rdinG to the direction in which the 
hand moves. A prating of rertiml rods will permit the passage of 
all rerfiad planes, but intercepts all others. If the rorlfl of two gratings 
are in the same plane, any vibration in a plivne parallel to the rcjds of 
one will nasa throncfh the other — e. g., a sirinir may be made tn vibrate 
through ooth gratinsz,^ pffrftUel to the rods. When the rods of the grat- 
inirs are at right angles this bceonieB iniposi^il>le. A tourmaline plate 
will thus transmit undulations in a plane purfdM to ds, ttm^ hut alisorbs 
thf>se which are in plani?s nt right anglex to its axift. The rays passing 
thnitigh pro<luee the pvilarized Sight. 

The PolariBCopic Instrtiments. 

The polariscope studies the eflTect^iof polmnzed liLdit. Tlie pol&rim- 
eter measures degrees of pokrization. The ^accliarimeter is a special 
pnlari meter for the qumitdnfire estimation of su^ar. 

Con STRUCT! ON. — The jyoffirincope consists of an opaque tube, with 
eye-uieee and two polarizing crystals (the pohrrker and the finali/ser). 
In the pofarrmeter the analyzer is fixed in a rotating tube with an indi- 
{!ator and Si^le to show the degree of rotation. The analyzer nnd polar- 
izer generally used arc NieoFs prkuhij constructed by sawing through a 
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Nicol's prism. 



crjrstal of Iceland spar, from one obtuse angle to another, polishing the 
cut surfaces and cementing with Canada balsam. The sides of the 
crystal are coated with lampblack. The ray entering at the side AD 
(Fig. 9) is doubly refracted. The ordinary ray reaches the balsam at 

the critical angle, is reflected 
Fig. 9. back to the side AB, and 

absorbed by the lampblack. 
The extraordinary rav pass- 
ing into a second Nicol s 
prism parallel to the "first 
(as though a continuance of 
it) passes through un- 
changed. If the second 
prism be at right angles to 
the first — t. 6., tlie prisms 
crossed — the ray becomes in 
the second prism an ordi- 
nary one, is reflected out by 
the balsam and absorbed by 
the lampblack, and ?/o light passes through. In intermediate positions 
the extraordiiiai'y ray is decomposed in the second prism into ordinary 
and extraordinary rays ; the former is reflected out and the latter passes 
through. The amount of light increases as the two crystals approach 
parallelism. 

Thin sections of crystals of difl*erent crystallographic systems show 
peculiar rings or bands of colors in the polariscope. Advantage is 
taken of this fact in examining minerals and salts, particularly precious 
stones. Solutions of certain organic substances have the peculiar 

Property of deviating the plane of polarization — that is, of turning the 
irection of the vibration of the light. If the prisms of a polariscope 
be crossed so that no li^ht comes through, and a solution of one of tne 
substances (for example, sugar) be placed between the analyzer and 
the polarizer, it will be observed that some light now passes. The sugar 
turns the plane of the light from the polarizer, and the effect is the 
same as thouffh the analyzer had been rotated. Optically active 
SUBSTANCES have this effect, and according as the analyzer must be 
turned to the right or left in order to restore darkness are dextro- or 
LiEVO-ROTATORY. The degree of rotation of the plane of polarization 
is measured by the extent to which the second prism must be rotated to 
obtain darkness. 

Specific rotation of a substance is the degree of rotation required to 
restore darhness irhen a tube 1 decimeter long, filled with a solution of 
1 gram of the auhstance in 1 ctd>ic centimeter of solution is introduced 
hetireen the prisms. In most polarizers a cr>^stal of quartz or some simi- 
lar material is introduced to produce sharply defined color-tints, or 
uncfpial illumination of the halves of the field, or in some other way to 
provide points of comparison. 
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The Refraction of Light througli Lenses* 

Definiti€>n.^A lens is a transuarcnt medhim (usually glaaB), bounded 
by two curved or one curved ana one plane surikce, ana used to cause 
syBtematic couvergmce or diverf/ence of ligbt passing through it. 

The Forms of Leas. 

Lenses are of two types : ( 1 ) oonrex^ magnify ingi or converging' 
lenses, thicker at the centre than edges; and (i2J concave, diverging, 
or reducing lenses, thickest at the edge. 

Eacli type haji three varieties (Fig. 10). 

(1) Donble convex ur biconvex ^'bounded by two curved faces whose 
radii arc opposed and overlapping. 

(2) Planoconvex, bounded by a plane and a spherical surface. 



Flu. 10. 
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Forms of conveat and concave lenses. 

(3) Meniscns, bounded by curved amfaces whose radii are opposed 
but overlap. 

(4) Double concave or biconcave, having both surfaces concave, 

(5) Planoconcave, having one plane and one concave surface. 

(6) ConcavoconvcXi one surface concave and tlie other convex* 
Here the radii thou^^i opposed do not overlap. 

The AXIS OB^ THE LKNS IS the line pien.*mg the centres of curvature 
of the two curved surfaces, or is the perpendicular to the plane fiiee 
from the centre of curvature of the ispnerieal face, when one surface is 
plane. 

The DIAMETER passcs from one point of the circumference to that 
exactly opposite^ ptTi>cniIicularly to the axis. 

The OITICAL CUNTRE is a iKJint on the axis eo taken that every line 
drawn throitirh it picnn^s parallel elements of the two surfaces. In Fig* 
11 the line Rjr^, dcHrTihinu^ the curve Rx'D^, is the EADTUS of rmvA- 
TURE ; the point Ji^ about which this revolves, the centre OP curva* 
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TURE ; the line xx^, the principal axis op the lens ; and Diy^ the 
diameter. 

The PRINCIPAL FOCUS is the point at which a convex lens converges 
rays parallel to its axis. The distance from the principal focus to the 
optical centre is the same on both sides of the lens, and depends on the 
material of the lens and the radii of the curved surfaces. 

The Real Focus. — Bays from a source beyond the principal focus 
are collected to a realfocus^ beyond the principal focus on the other side. 

The Virtual Focus. — Rays 
from a source at the principal focus 
emerge parallel j but from one be- 
tween the principal focus and the 
lens, converge, not to a real but a 
virtual focus, as from a point be- 
P V I I ^ p' ^*"^ ^^® source of light. 

-^H ^1 I p h^ Conjugate Foci.— The lumi- 

nous point and its focus are inter- 
changeable, and therefore are called 
coiijugatefoci. 

Concave lenses increase the di- 
vergence of light rays, consequently 
Convex lens. have no real but a virtual focus. 

Images with a concave lens are vir- 
ttial, erect, and smaller than the object. If the source of light be exten- 
sive^ then rays from each point form their own focus, and the collection 
of foci forms an image, inverted if the foci are real, or erect if the foci 
are virtual. 

The PRINCIPAL POINTS of a lens are the two ^joints on the optical 
axis from which a line drawn from the first principal point to a point 
on the object will be parallel to a line drawn from the second principal 
point to a corresponding point on the image. 

The PROPORTIONATE SIZE OP THE IMAGE AND OBJECT depends on 
their respective distances from the optical centre or the principal points. 

The Aberrations of the Lens. 

The image by a single lens is always indistinct because of spherical Viud 
chromatic aberration. 

Spherical aberration is caused by the converging of rays from the 
margin of the lens, to a point nearer the lens than that at which the 
central rays meet. 

Chromatic aberration is the result of the formation of different 
foci by rays of different color (?*. e., length). 

Apochromatic Lenses. — ^These aberrations are overcome by combining 
two or more lenses in proper proportion — i. f., concave and convex 
lenses made from materials having different refractive indexes. 
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The Photographic Camera. 

This is a dark box, with a lens or system of lenses so arranged that 
a real inverted image falls on a sensitized plate in the real focus of the 
lens for the particular source of light. Decomposition of silver salts on 
the i)late is caused by the actinic rays, and the inverted image or nega- 
tive is formed. The real focus is obtained by changing the distance 
between the lens and a ground-glass plate, until a distinct image is 
observed, before introducing the sensitized plate. 

The Stereopticon or Projecting Apparatus. 

This is the converse of the camera : the light and inverted image are 
behind the lens ; accordingly rays passing out diverge, and if projected 
on a screen at the conjugate focus in a dark room will give an erect 
magnified image. 

The Microscope. 

This is an instrument which magnifies objects through a suitable 
system of apochromatic lenses. In addition to the system of lenses in 
an opaque tube, there are arrangements for focusing and illumination of 
the object. According to the curve and number of the lenses, micro- 
scopes of many degrees of magnifying power have been constructed. 



The Telescope. 

This IS constructed for viewing distant objects, and consists of an ob- 
ject-glass (lens) forming a real^ small, and inverted image, which is 
viewed through a microscope. The viewed image appears upright 
through two lenses inserted between the e5'e-piece and the object-glass. 
The power of the instrument depends on the size and curve of the 
object-glass. 

THE INTENSITY OF LIGHT. 

This is measured by comparison with the light given by an English 
sperm candle burning 120 grains an hour, and called candle power. 



The Bumford Photometer. 

The comparative intensity may be measured by means of Rumford's 
photometer, consisting of an opaqlie rod placed a short distance from a 
screen with the two sources of light so arranged that each forms a 
shadow of the rod on the screen. The lights are then moved until the 
shadows are of equal intensity. 
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The Law of Intensity of Light. 

As the light from both sources illuminates the screen proportionately 
when the shadows are equal, the intensity of the lights is as the square 
root of their distances from the screen. 



THE CHEMICAL EFFECTS OF LIGHT. 

Familiar instances out of many are : Sunlight is essential to plant-life. 
The green of the leaves fades and the plant dies if deprived of light 
Chlonne gas and many other chemicals are made active by exposure to 
sun-light. Many substances — e. g. , silver nitrate — must be stored in dark 
bottles to prevent decomi)osition by light. The art of photography 
depends on the decomposition of silver compounds by light. 

QUESTIONS. 

What is light, and how is it transmitted ? 

How does red light differ from violet ? 

What are the effects of infra-red and actinic rays? 

What waves exist in day-light, and why do different substances show dif- 
ference of color in this light? 

What are meant by a transparent, a translucent, and an opaque body? 

What are meant by reflection, refraction, and dispersion of light? 

What are the index of refraction ? 

What is the critical angle ? 

What is an optical prism ? 

What is a prismatic spectrum ? 

How may the color of the sx)ectrum be further dispersed ? 

What are optical lenses, and what are the common varieties of lenses? 

What are the axis, the diameter, and the optical centre of a lens? 

What is meant by principal, real, virtual, and conjugate focus? 

What is meant by the principal points of a lens? 

What are the causes of spherical and chromatic aberration, and how are 
these faults overcome ? 

What are the essential features of the photographic camera, stereopticon, 
compound microscope, and telescope ? 

Describe a spectroscope. 

What are continuous, bright-line, and absorption-spectra ? 

What is the cause of Fraunhofer lines? 

What is double refraction ? 

What is meant by ordinary and extraordinary rays of light ? 

What is a Nicol's prism? 

What is polarized light? 

What is meant by optically active, dextro-rotary, and Isevo-rotary sub- 
stances ? 

What is meant by the specific rotation of a substance ? 

What is meant by candle power ? 

Mention some chemical changes produced by light. 

What is meant by fluorescence and phosphorescence ? 
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CHAPTER IV. 

ELECTEICITY. 

Definition. — In its mrlmt uae^ the term electricity applied to 
phenomena of atlraction and repulaiou observed when a tuber (Greek 
dectroii) and Bimikr aubstiinees were briskly rubbed; in its pnm'ut use^ it 
includes attractions and reDubions of matter vejry different from thoFe 
originally noted^ together with phenomena of light, heat, miignetismi 
and ebemieal aetion^ all attributed to a eommon cauee. 

IE THXOEY or MOTION IN ELECTEICITY. 

Electricity J like heat and light, results from molecitkr vibrationj 
imparted as waves to the ether, and producing undtdation^ which in 
turu excite vibratory mi)lecular motion. The action of oara on still 
water is an exam file of this mutual reaction, their stroke produeing^ 
waves, capable of vibrating other ours resting on the water. The differ- 
ent essences ofunokcukir itiotmi prodiicmg neat^ h't/ht, or ehdridti/^ are 
not knoxDn. The cause is supposed to he a difference m the form of the 
itndulatt'oH^ heat behig protluoed b^ one form, light by anoiher^ and elec- 
tridfji bii ti thmi AU ihreefomis mtm coexist in the name body witlwut 
interference with each othn\ 

Blectrieity may be regarded as a manifestation of enerj[0' consisting 
in undulations of the ether, and of the grosaer mnleeules of matter. 
Unfortunately man possesses^ no sense for perceiving these waves, con- 
sefjuently the development of the science has been very slow, 

l/ftdt'r ifornifd conditiottii tdl m,attcr w tn electncnl eqmitbrium. 
Whenever this e<juilibrinni is disturbed, a tendency to its restoration is 
simultaneously developed. Work may therefore p^ done electrieuUy. 
This action of electricity is similar to the action of water pumped to an 
elevation, which released and descending to its former level may do 
mechanical work. 8initlarly electricity in the endeavor to restore equi- 
librium ma^v Ije made to do work, tiie quantity of which depends on the 
nxt^nt of disturbance in the etinilibrium. 

THE MANTFESTATIONS OR STATES OF ELECTRICITY. 

Tn stodying electricity it is usual to divide the subject into ( 1 ) fric- 
TTONArj or STATIC electricity j (2) ci'rrent or voltaic electricity, and 
(3) HAGNETis^i : difTcrcnt manifestations of the same energy. 



Frictional Electricity. 

If a rod of amber^ glass, sealing- was-, hard nibben or sulphur be 
rubbed with silk, the rod is given the power of attracting light bodiea 
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(small pieces of paper, pith, etc.), of causing sensations similar to the 
touch of a cobweb, ana of passing a spark with a crackling sound 
between the knuckle and rod after approximation : phenomena due to 
electricity generated by the rubbing. Certain other substances not men- 
tioned above show similar behavior when rubbed with silk or flannel. 

Conduction, Non-conduction, and Insulation. 

A rod of metal rubbed with silk or flannel shows no such property 
unless fixed in a handle of glass, rubber, or some similar substance 
during the friction. The rod of metal after being electrified will difier 
from the rod of glass, etc., in attracting at any point on its surface, 
while the glass or similar rod only attracts at the spot rubbed. This 
shows that in metals the electricity as soon as generated spreads out 
over the entire mass, while in glass, etc. , it remains at the pomt of pro- 
duction. Those substances showing the latter property are called NON- 
CONDUCTORS or INSULATORS, while the formed' are called CONDUCTORS. 
A conductor supported by a non-conductor is said to be INSULATED. 

No substance is absolutely non-conducting, but a very great differ- 
ence in the possession of this power exists between so-called non-con- 
ductors and good conductors. All metals, charcoal, acids, saline solu- 
tions, living animals, vegetables, water, moist earth, and stones are 
good conductors ; while shellac, rubber, glass, resins, sulphur, wax, 
silk, wool, porcelain, dry paper, and dry air are poor or non-conductors. 
The metal oar in the hand cannot be electrified by friction, because the 
body too quickly conducts to the earth. 

''Positive" and ''Negative" Electricity. 

If a pith ball be suspended by a thread from an insulated support, 
and approached h^ a glass rod electrified by friction with silk, the ball 
is attracted to, touches the rod, then falls away. If the rod be again 
similarly excited and approached, the ball will be repelled as long as 
the ball retains the electricity acquired by that contact. If, while tJie 
ball is repelled by the glass rod, an electrified rod of resiii approax;hes, 
the ball will be attracted. After touching the resin the ball will be 
attracted by the glass and repelled by the resin ^ showing that the elec- 
tricity produced by friction of resin has an opposite eflect on pith balls 
from that which results from friction of glass. 

These two forms of electricity have therefore been named resinous 
or negative, and vitreous or positive electricity (indicated by — and 
+ signs). Electrified or charged bodies may by experiments be 
shown to have either positive or negative electricity. 

The Electroscope. 

The nature of the charge is shown by this instrument. A gold-leaf 
electroscope consists of a glass jar, through the stopper pf which 
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passes a metal rod teruiinating in the diae above, and caroling two strips 
of gold leaf face to fat^e below, and two other rods or stTii>a of metal 
opposite these leaves against the inside of the jar. If a ptrnfurly elec- 
trified body toucbea the disc, the charge passes through the rod to the 
gold leav^sa. wliieh, beeoming poskmtly electrified, repel eaeli other. If 
now a secoinl body charged with au unknotmi variety of electricity touch 
the diae, the leaveii will further diverge if the charpe is pmitke^ while 
if nrgatm^ they will approach each other. If the divergence eausea the 
gold leaves to touch the metal rods on the side of the jar, the electrieity 
of the leaf will be discharged* 

When the iiuchirge of an ehctrijml body oecurs it is broujEht to its 
normal condition. The discharge may occur shwii/ through the air, or 
nrjmJh/ by eijntact with the earth directly or through a conductor. A 
fluali of light accompanying the discharge is called a spark. Wftrnever 
one Jdnd of chfifna'ttf is genf*rttted^ an eqitnJ quantity of the opjKt^'te kfnd 
is geu^rtjtid. In ruhbauf ghtss iGith silk th^. uhiss is cfiarged with positive 
and the ulk with negative electricity in equm quantity. 

Electrical Equilibrium. 

If equal charges of positive and negative electricity are received by 
a conductor at the same timCj it will show no trace of electricity, the 
two charges neutralising each other. Aa has been said, in all matter 
electricity exists in eqdilibrium, and in order to show its presence 
it ig necessary that this be disturbed. Electricity becomes manifest in 
restoring this eqiiibbrium. To disturb this electric balance, fnfrr/i/ m 
8ome form must dc expended^. ^., that of the muscles in rubbing glass 
with silk, of uhemical action in the batteiy cell) or of heat in the eom- 
buation of coal in working the dynamo^ 

The Quantity of Electricity, 

This h the normal charge possessed by any body at all times and 
under all cirrumstaneeSi ^s constant for each body^ and may be neutral 
or excited. In the latter case the positive or negative form is in excess, 
and the (|uantity of the one may be increased by removing an equal 
quantity of the other ; but the total quantity remains unchanged, al- 
though the quant tty^ inteimty, tension^ or density of one kind is increased. 



THE INDUCTION OF ELECTEICITY* 

The fteutiYd condition of an un electrified body is destroyed under the 
influence of a electrified k)dy. There will be attracted to the side neit 
to the electrified body a charge, opinrnte in kiitd to that of the electri- 
fied body, and at the same time an equal quantity of the othet^ kind is 
driven th the farther extremity of the neutral body* This action is 
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INDUCTION. When a botly la connected with the earthy induction can 
last only while it is under the mfluence of the charged body, beciiutie the 
earth will immediately carry off the induced electricity when this influ- 
ence is removed. If the neutral body, insulated and under the infliienee 
of an electrified hody, be t^iiuehed :it the end opposite that nearest the 
charged body, in order to remove the electrieity gathered there, the p>rc- 
vjonsly neutral body will he found electrified with a char^^c opposite in 
kind to that in the originally electrified body. When the original elec- 
trified body is removea, th' se^^oml Unly has b&m charfj^d b^ indnction. 
When the pith ball is attracted by the glass rod its negative electricity 
is attracted to the side near the glass; on contact this ntyatwe eleetricity 
is discharged and the ball becomes charged with pmlfhe electricity by 
contact, and is then repelled, both bodies being charged alike. 

Dielectrics arc bodies through which induction occuris : air is a good 
dielectric. 

Folarizatinn of a dielectric is its condition of strain utider the 
action of two opposite and adjacent electric charges. AVhen two oppo- 
sitely charged bodies approach near enough, the limit of pokirkafion 
will be reached, and a spark passes between the bodicSj as toe opposite 
charges are neutralized through the dielectric. 

If two bodies charged oppositely are connected by a cgnthtctor^ elee- 
tricity will pass front the pmhive to the negatii'e until neutralization 
occurs. The former is said to have the higher potential, Tn an exchange 
electricity always passes from the higher to the lower potential 



THE GENERATION OF ELECTRICITY. 

Static Electric Generators, 

StfTtio or fh'diojwi eleciridt^ la generated for practical purposes by 
an electric machine, consisting? essentially of a plate or wheel of glass, or 
some similar substance, revolved by a mechanical contrivance against 
some material capable of producing pos^itive electricity on the plate. 
This positive charge is carried from the plate by metal combs or rods to 
the prime conditctor; the net/at ire f/nt€rate<:l on the ruhhino cimhiona 
may be collected on a conductor, but is generally carried to the ground 
by a chain. 

The Toepler-Holtz Machine. 

This generator iknA its modifications act by induction much more 
^ powerfully than purely friction-generators, and arc less influenced by 
atmospheric conditions. Fig, 1*2 shows it^ essential PARTi^, namely* two 
plates, one fiiced (A) and the other (B) rnpiJii/ rerohint/ by the wheel 
and belt (C), mmhuJifrsi (DD), and dkcJiarging rftdn (PIE), m^^tftlfiv 
hnmhrn (FF), hco armaturm on the back of the stationary plate, and 
s^mtU hnfsx diffv^ on the anterior surface of the re voidable plate. 

Action. — When this plate is revolvedj its dkcs rub against the ttictal- 



THE COIfDENSATWN OF ELECTRICITY. 



49 



lie hrmhes. A small amount of electricity, thus developed, is carried tci 
the (irmftinnn on iLe bsiek of the laj-jy^e staiiotiary plute. The itiitial 
charge, tlms given to tliia plate, reacts upon the revulving plat4^, devel- 




Toeplcr-Holts machin©. 



oping f]frf(J't*ni' charf;fes h}f imhtcifoiu With thia machine electricity may 
be applied to the body through the clothes, a fiu*t i,^rent]y appreciated 
by patients. 



THE CONDENSATION OF ELECTEICITY. 
Electric Condensers, 

These instruments for acciimulfitincr electric chanjcs consist essentially 
of two conducting surfaces separated by a non-conductor, one connected 
with the earthy and the other with the prime conductor of an electric 
machine. 

The Leyden Jar. 

This is a common form of condenser, and conaistR of a glass jar (^4) 
(Pi^. lij) coated on both sidca nearly to the top with tin-foil^ and pro- 
vidt*(! with a wooden stopper (B), through which parses a knolihfed 
metal rod attached to a chain which toui'hcB thi^ fod, W lien the Ijcyden 
jar on an insulated stand (C) ib placed near the prime eondut'tor (/>) 
of a working static machine, only a few sparks pass to it. If the knob 

4— P. T. a 
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E connected with the pnound is then brou^^it near the exterior coating, 
a spark passes to it. Por each spark thus entering the jar one spurk 
])tii!!8i^s to the knob E fur some time. When tlie shower of sparks ceases, 
the machine has no further effect on the jar, 
i¥hich m then fully charged. Examination shows 
that if + eleetricnty enters the jar, + electricity 
eaeapes. It is uol the narfje charge^ as is shown 
by tiie cessation of thiB action after a time, l^hiit 
the jar holds electricity even after this,, is shown 
by the power fid spark and shock of its discharge 
by contact. 

The Charcsing of a IjevdElH Jar by In- 
duction* — The I charge entering the inner lin- 
ing polarizes the dielectric, tlie outer foil attracts 
a negative charge to the surface of the glass 
which is bound there. The ecirresponding posi- 
tive electricity of this suriaoe passes to the knob 
connected with the earth. Tlie negative clinrge 
r^^acta through the dielectric, binding a + charge 
nn the inner foil, whose energy thug becomes 
I umtial The inner foil may now receive a new 
charge repe:itedly until the capacity of the jar is 
Leaden J&r. accumulated in a state of great molecular strain* 

The amount of eleetricity accumulated by a Ley- 
den jar may be increased by enlarging the jar, but very large jars are 
bulky* 

The Ley den Battery^ 

Tliia is used for large accumulationSt and conBmts of several jars, with 
the outer coatings united by one and the in hit coatings by a M'cmid con- 
ductor. 

CONSTANT CURREirD ELECTRICITY. 

Thii variety is generated by chemical tietion. 

Qalvanic or Voltaic Cells. 

Ei-EME?JTS ANP Action of the Ckll.— Zinc placed in a Tcssel con- 
t^iining dilute mil ph uric acid is gradually dissolved^ evolving hydrogen 
gas. Platinum is not a<?ted on by dilute sulphuric acid. If f>lat-e8 of 
both metals be v>iiced in sulphuric acid and water, and connected by a 
piece of wire as a conductor^ no bubbles of gas are evolved on the xinCj 
out eBcai)e from the phLtinum plate. If the wire be placed near a mag- 
netic neeille, this will l>e tunicd from its course {thflretffi) : when the 
ends of the divided wire touch the tongue, a tingling ami njctallie taste 
are pereeived. All these phenomena disapjvear if the connection between 
the plates is broken, and reappear when re-ntored, and are manifesftititw^ 
of iHecinciti/ generated by the action of the acid on the metals, tiuv^el* 
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ling through tbo wire to which it imparts its properties. The zinc, 
platinum 3 and sulphuric acid may be replaced by many other materials- 
Elf^trwity will be generated K'henever two soh'd conductors ^ usually in 
plate- or ctflhider-form^ are connected by a conductor, find placed in a 
liquid havtng the power of acting chemicfdltf on one of theni. Suph an 
iirrLiriL^emeut is caviled a volttue. or f/alvamc cell ; the liquid the electro^ 
(w/iV: or exciting agent : and the solids the elf^ctrodm: and ail are called 
the flenients uf the cell. In n, galvanic cell the eleetrolytie agent la split 
into two parts, called ion^ ; and these ions» charged with + and — 
electricity, resp>ective]y, unload the charges on the plates. The conductor 
restores the electric^d equilibrium. In the ^inc, platinum^ and sulphuric 
acid cell ^ the aeid is split up into hydrogen and ^*?0^, the H^ escapes 
firom the pktlnnm plate while the SO^ combines with the ziuci Ibrming 
zinc sulphate, which dissolves in the water. 

Polarization of tiijiI Plates.— This is the decrease or destruetion 
of the working of the ceU by the bubbles of hydrogen colltxiting on the 
platinum plate, thus preventing the passage of electricity to the plnte or 
setting up a countercurrcnt. To avoid this^ a por^^us cup and some 
oxidizmg agent are introduced ; the hitter combines the liberated hydro- 
gen and prevents its accumulation. 

Baoiell Cell. — This galvanic cell consists of a glass jar containing a 
saturated solution of eupric sulphate, in which a copper cylinder stands; 
inside this is a porous cup euntaining dilute snlphuric iicid, into which 
a zinc rod dips. 

LeclaEeh€ Cell. — Electrodes, zinc and carbon In a porous eup con- 
taining manganese dioxide nnd small lumps of carbon ; ELECTROLYTIC 
AGENT, saturated solution of ammonium chloride. 

Grovels Celb^ELEMENT:^. — Porous cup containing platinum in 
nitric acid, imd zinc in sulphuric atnd. 

Gren6t or Bichromate CeU. — Electro des» zinc and carbon ; elbo- 
TRO LYTIC AGENT, solution of ] lb. each of bichromate of potassium and 
Bulphurio aeid in 2h gallons of water. 

In all these ccIIb the zinc plate is known as the arthmh or n^gatim 
electrode ; the other, as the anodf or positive. The end of the wire 
leading fem each plate is also called mimh or pffmlhe and cathode or 
npgative, respectively* When these jyolm are joined hy a i^ndnctor, ehc- 
tricitif jKisses thrntigk the mvpfrom the + to the — electrode, and thr&ifgh 
the electrolytic agent hack to the starting-point. 

Electromotive Force. 

This fact shows that the cell has the power of setting electricity in 
motion, called El,Ecn'ROMOTlVE force (E. M. F. ), tension or potential of 
thfi eelL The source of the posver is the tendency to restore electrie 
eqniUbrhim. The mnount of power depends on the dtflerence in the 
electrical cotidition of the plates. The greater the difference the greater 
i4e E. M. P, 
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This passage of electricity is the electric current^ and its route is the 
circuity said to be closed as long as the connection between the poles 
is intact, and open if the connection be broken. When the circuit is 
open^ the electrodes become charged with -{-and — electricity^ respec- 
tivdyy which prevents further accumulation and chemical axtimx. 

The Galvanic Battery. 

This consists of two or more galvanic cells in one circuit. 

The cells of a battery may be connected in either of two ways, 
according to the results desired. 

Multiple Arc Coimection. — If an increased quantity is required, 
the cells must be joined in multiple arc — i. c, aU the positive electrodes 
are connected by one wire and all the negative ones hy another. 

Series Coimection. — If increased intensity is required, the cells must 
be joined in series — i. 6., the positive electrode of one cell is connected to 
the negative electrode of the next. 

A single cell is also called a galvanic battery. 

THE UNITS OF ELEOTKIC MEASUREMENT. 

The units of intensity, quantitif^ and resistance of electric currents 
are, respectively, the volt, the ampere, and the ohm^ named after the 
three great pioneers in electricity. 

The Ohm. 

Conductors offer resistance to an electric current, whose wiit is the 
ohm — i. 6., the amount of resistance shown by a column of mercury 
106.28 miUimeters long, with a base 1 millimeter square, at (f G. 

The Ampere. 

The UNIT OP QUANTITY is the amp^re-i. e. , that required to deposit 
0.001118 gram of silver at the negative pole of a battery when a solu- 
tion of silver nitrate is placed in the circuit. 

The Volt. 

This is the unit of intensity {E. M. F.) — i c, that required to 
maintain a current of 1 ampere through a resistance of 1 ohm. 

The Law of Ohm. 

The relation of the three units is expressed in Ohm's law : The cur- 
rent is equal to the E. M. F. divided hy the resistance. 
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Practically resistance is measureil "^y wire coils af kuown resistance^ 
called resisUtnce coih^ and the (lUtinLity by nmphrandny or unimeleia, in 
wliiL^h a ma^iielic needle moves over a dial gradimted in ami>eres. The 
construction oi til eisc instruments depends on the f:m^i tliat when an elec- 
tric current passes through a wire placed parallel above or below a mag- 
netic needle, the latter is deflected towartl a position at right angles to 
the wire, in de^^ree according to the quantity oi' emTent 

^1 current of 1 ampere iJs toft ^f. ran g for nicdicfil u^e ; hence tlw TTIJIH* 
amperemeter, measuring rJ^sa amphrf'y hoH limn devised. Current 
rhcirtcitif has great qumtlitu uud low tension. I'Victioiial d&iridty lias 
snudler quantiti/ but higher tension. 

Magneto-electric Machines. 

These generate electricity by magnetism. Whenever metallic wires 
are passed through a magnetic field, temporary electric currents are set 
up in them. 

ALTEENATma CUERENT ELECTRICITY. 

^ turn cofk of iHJiuhiteil ffite with safl-ii'on am's {amiaturem) be mfid£ 
io remlve rapid fg In front of or heiiofwn the poles of a horst'shje 'magnet, 
l&e eore^ wdi f^r magnetised while opposite one of the poies of the nmg* 
nei, and demagnetized when efpiiJistant from the mtleji^ and remag- 
netiued when itppoaitf: the othtr pole. This njugnetization and deiuag- 
nctization induces currents in the wire, running in opposite directions, 
and alternating as the polarity ot' the cores changes witn each hali-r evo- 
lution. Such currents are called alternating cnrrmd». 

The Dsfnamo-electrie Machine (Dynamo), 

In this machine powerful electro-magnetfl and armatures with many 
coils arc used to ^■'enerato very powerful currents. 

Tlie coMBiLiTAToa coUecte alternating currents^ changing them to a 
continuous current. 

Electric Motors, 

These are reversed dgnamtm, Kleelric currenta convert iron into elec- 
tromagnets, which by alternate attraction and repulsion cause armatures 
to revolve. 

The method of eonstnicting an flevtrnmagnet h'A& l)een mentioned* 
Their streni^^th depend ft on the length of wire around the conj and the 
strength of current passing throuj>rh tlic wire» therefore very powei^iil 
electromagnets may l>e made. The po-vhon of fhr north tmd fsmtfh poh^ 
of an ^leetrom^jgnet depe^^dA on fhr dim f ion of the enrnut, A reveritioii 
o/ tfte latter ditmes a reversion ofpoiarity in the magnet. 
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VOLTAIC mDUOTION. 

Like static electricity and magnetism, current electricity passing 
through one wire can induce currents in adjacent wires. 

THE EUHMKORF INDUCTION COIL. 

This instrument induces currents of Ati'^ tendon (E. M. F.) fix)m 
battery currents of low tension. 

The structure of the coil is shown diagrammatically in Fig. 14: a core 
of soft iron,, wound with relatively coarse wire (P) connected with a 
battery [B)\ a secondary coil ( aS' ), formed by winding a nmck finer and 
long€:r wire around a hollow cylinder^ is arranged to sBp over the first or 

Fig. 14. 




Induction coil. 

primary coil, hvt the two are separate and distinct. With the circuit 
open,, a current passes through the primary without influencing the 
secondary coil, but as soon as the circuit is closed instantaneously a cur- 
rent is induced in the secondary wire in one direction, and on opening 
the circuit in the opposite direction. The automatic opening and dosing 
of the circuit is accomplished by a movable hammer {vibrator) (^ held 
by a spring to close the circuit when the core will be magnetized. 
T^he electromagnet so formed attracts and raises the hammer, thereby 
opening the circuit. The core is now demagnetized by cessation of the 
current, and the hammer returns to its original position and closes the 
circuit. The action is renewed, and continues to rapidly open and close 
the primary circuit as long as the current flows, generating in the 
secondary wire that current known as secondary,, induced^ interrupted,, or 
faradic current. 

The current generated at the closure of the circuit is the make^ and 
that at the opening is the break current. The eiFectiveness of an induc- 
tion coil increases with the length of its wire, which in large instruments 
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is over fifty miles. With such machines sparks will pass several feet 
between the Lcriuinalia ul' the secuudary eoil at A, 

THE CONVEESION OF ELECTEIOAL EITERGY, 

Electric Heaters* 

ReBistatioe to the passage of electricity changes the electrical energy 
into heat, which is utilized in cars and huiklings, stoves for euuking, 
vulcanizera used iu deutul manipulations, and electric tujnaees* The 
degree of heat depenthi on the structure of the apparatus and the 
strength of current used. In the electric furnace strong currents pass- 
ing through carbon meet with sufficient resistance to give rise to tern* 
peratures unatLainahle by any other means. 

Electric LiglitB. 

The Electric Arc Lamp.— Here a current of high tension (1000- 
3O0O voltii) passes between terminals consistin«j: of pencils of carhon, 
held in place by an automatic eimtrivance. The carbon is heated to 
himinoaity.^ and the current passing from the + to the — pole carries 
particles of carbon w^hiib arc Tbiimed or deposited on the neiiative pole. 

The Incandescent Lamp,— Here a current of 50-120 volts heats to 
a white heat a filimient of carbon contained in a glaaa vacuum -bulb. 

Electrolysis, 

This is chemical decomposition — L e. , the separation of matter into 
its atomic comj>onents hy electricity, and is a convention of electrical 
into chemical energy. 

Fig. 15 represents an apparatus for decomposing water by electricity, 
and collecting and measuring the component gaaea ; consisting of thr^ 
^lass tubes opening into one another In each outer tix be platinunj foil 
IS connected with a platinum wire fused into the glass and {^assin^ to the 
outside of the tidte. The tubes are tilled with water acidified with sid- 
phriric aeid, and the jjlatinnni wires eoTmected with the wires frtim a bat- 
tery, then oxygen rises from the ptjsitive pole and hydrogen from the 
Dcgntivc ftolc. 

ELRrTROL^TEs arc bodies undergoing electrolysis. loiui are the de- 
composition-products, those collected at the anode or 4- pole are aniofis^ 
and those at the cathode or ^ pole CAitloim. Antotw are sfiid to be eftrtrO' 
nrf/(Th're, and catmng^ ehr.trrij}fi<iitjvr. Hydrogen, nictals, bases, and basic 
nuiicals are catiime. Oxygen, the halogens, acids, and acid radicals are 
anittn,H. I*ure water cannot be deconi[H>sed by electricity, although the 
constituents of pure wstler may be obtain etl by electrolysis as described 
above. The result is believed to he due to deeom posit iun of the sulphtirio 
acid. It is supposed that the sulphuric acid (IT^SOt) splirs into the ions 
of H, and 80*, and that the cation carries its charge to the negatiTe 
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pole and is there discharged^ while the anion is discharged at the posi- 
tive pole. The hydrogen is liberated at the negative pole as gas bubbles. 
The SO4 after discharge acts chemically on a molecule of water (H,0), 
combining with the hydrogen to form sulphunc 
Fig. 15. acid, oxygen being set free. 

A salt in solution will be split into its compo- 
nent base and acid by the passage^ of an electric 
current through the solution. If the base be a 
metal — e. g. , copper, nickel^ silver, gold — ^it will 
be deposited on the negative pole. The proc- 
esses of electrotyping and electroplating depend 
on this property. Electrolysis is used in anal- 
yses, in tne separating of metals from their ores, 
tand in electric frirnaces. In the latter the heat 
and decomposing force come from the electric 
current. 
All liquids which electrolyze are conductors, 
and contain some substance which suffers dtsso- 
ciatfon (separation) into ions, thus furnishing 
carriers for the current. It is supposed that 
an electrolyte in passing into dilute solution dis- 
sociates into two ions — e. g.^ common salt in 
water separates into sodium and chlorine. When 
the solution is concentrated by evaporation the 
ions combine into sodium chloride. 

Electric sparks are luminous effects of 
electric currents of sufficiently high E. M. R 
passing through gases, rendering the gas lumi- 
nous, and frequently exerting chemical action. If 
the discharge is in a glass globe, and the gas be 
gradually removed from it, the sparks cease at a 
reduced pressure, and the interior of the globe 
becomes luminous, the nature of the luminosity 
Electrolysis of water. depending on the gas in the globe. 






Bontgen or X-rays. 

These are rays formed by electric sparks passing through a vacuum- 
tube provided with a metallic disc cathode and a straight wire anode, 
and manifested by a pale purplish beam radiating from the face of the 
disc. This cathode ray consists of negatively charged portions of matter 
moving with great velocity. During the generation of the cathode rajrs 
the Rontgen or X-rays are generated, which are invisible and have the 
property of passing through substances opaque to ordinary light, of 
affecting photographic plates like ordinary light, of ca.using many sub- 
stances to become fluorescent, and of acting physiologicaUy on various 
parts of the animal body. 
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The Fluoroscope. 

This is an instrument for observing with the eye the effect of JT-rays, 
depending on the property of the rays to cause fluorescence of certain 
substances, and is usually constructed of a box closed at one end by a 
screen of some fluorescent substance {calcium or barium tungstate)^ and 
provided at the other end with cushions to fit closely to the face oi the 
observer. When certain opaque objects, as a hand or arm, are placed 
in the path of JT-rays shadows are cast on the screen. 

Baoio-actLve substances have the property of emitting rays which 
act like Eontgen rays. Examples are : actinium, polonium, and radium, 
substances found in minute quantities in ores of uranium. 



CHAPTER V. 

MAGNETISM. 

Definition. — Magnetism is that peculiar property in some sub- 
stances, called MAGNETS, of attracting or repelling other substances 
under certain conditions. 

NATURAL MAGNETS. 

Loadstone or magnetite, a native iron ore (ferrous-ferric oxide) ^ 
naturally attracts bits of iron and steel, and a fragment of this ore when 
suspended will tend to point north and south. These properties may be 
acquired by iron, steel, and a few other metals (cobalt and nickel). Load- 
stone is a natural magnet, while bars of metal which, have acquired 
magnetic power are called artificial magnets. 

ARTIFICIAL MAGNETS. 

These are made by several processes : 

1. By simple touch: the bar to be magnetized is stroked several 
times in one direction from end to end by another magnet. 

2. By double touch : the bar is stroked from the middle to one end 
and back to the middle mih the opposite poles of two other magnets 
separated by a piece of wood. 

3. By separate touch : the ojyposite poles of two other magnets 
are placed at the middle of the bar and simultaneously moved away from 
each other to the ends. 

4. By magnetic induction: a soft-iron bar near a magnet will 
attain magnetic properties, which it will retain only as long as it is under 
the influence of the magnet. 

5. By electromagnetic induction : a bar of metal surrounded 
with a coil of wire through which a current is passing becomes magnetic 
(electromagnetic). 
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THE MAGNETIC POLES AND MERIDIAN. 

The eailh mny be conaidered as a huge magDet, whose inaffnetic polts 
are neury but not at the geographwal poles, rhereforc the earth causea 
a yuBpeDiled magnetic Deedk to occupy a plane, tailed the magueth 
meridian J neiirly uortb and eoutli, and to inchne one pole toward tlie 
earth. The ond of the luagtict poiiitiJig north is called the north pole, 
the other end the south pole. On bringing the north j>o!e of a not li or 
lUiignet near one pole of a suiip ended magnet, it will be observed that with 
magnetism J as with electricity, like polea I'epel and unlike poles attract 

MAaNETIC ATTEACTION ANB REPULSION. 

Magnetic eiiJJsTAN€E£5 are attracted by magnets^ but are not them- 
eelvea magnetic* 

pARAMAGNtrnc BODIES (iron, steely cobaltj nickel, and pktimmi) arc 
more or less easily attracted by magnet k. 

piAMAUMETic BODIES are repelled hj a ina^rnet (bismuth, tin, zinc, 
antimony, mercury, lead, sliver, copper, gold, and araenic). 

When a niagnetiaed bar is dipped into u"on- filings, these axlhere at its 
ends^ called the jwles of the magnfU aud not at its centre* callc<l the w«<- 
tnd line or equator. A straight line joining the poles h the axis. 

THE MOLECULAR THEORY OF MAGNETISM. 

If a magnet be halved through its equator, each half will l>c a com- 
plete magnet, having two poles and an equator, and each, in division, 
will foiTO two smaller complete magnets, no matter how many times the 
division is made. This tiftd mme other reasons hare M to the theory 
that each nwJecuIe of a mar/uet is a magnet itifif. In ordinarj^ iron the 
molecular magnets are not arranged system atically, but in magnetised 
iron all north poles fMiint in one direction, the south poles in the other. 
The maKimum attraction of the end is all these individual forceB com- 
bined. 

THE THEORY OF PARALLEL MAGNETIC CURRENTS. 

Each molecule is assumed to be traversed by a close fl electric circuit, 
whose currents be<!ome parallel when the iron is magnetized ; thus mag- 
netiKni is a manitestation of elet:'trical energy. The theory derives sup- 
port fiom the fact that a spiral conductor (called a solenoid) traversed 
oy a current behaves as a magnet in all reapeeta 



MAGNETIC SATURATION. 

A maimet is said to be saturated when it has been magnetiised to the 
hiehesi deiffrec pnaaible, supposedly when all north poles of the mole- 
cuImpoiBt in one direction. 



QUESTIONS. 
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THE COEECrra FORCE OF MAGKETISM, 

Thm condition of a substance retards tlie muleculiir arrangement of 
magnet-formatiati and retains, ibia arrangement, aft-er ujagnetization. 
Steel has high acMsrcive force, and therefore ia difficult to magnetize, but 
remains bo permanently. So ft- iron magnets are the reverse, through 
low eoercive foi-ee* Artificial magnets are usually alniped a*s bart^ or 
horseshoes. The bar of mil iron conneeting the entls of ii horses hoe- 
magnet is called an nnnature^ and prevents loss of power. Compound 
MAGNETS, MAONETTC BAiTERiEf4, or MA(iNETLC MAuAztSES, are the com- 
bination of several magnets (uaually horaeslioe) with hko poles united. 

The ASTATIC NEEDLE OF MAO NET IS two magnets, placed parallel, on 
a common axis, with unlike poles suprajaeent. Such needles ore not 
aifected by the earth's magnetism, but remain in whatever direction 
they are placed. 

THE LINES AND FIELD OF MAGNETIC FORGE. 

The MAQNETtc FORCE- LINES. —When a ma^et ia covered with a 
sheet of glap« or cardboard and iron-filings Bprinkled on the cover, the 
filings aiTange themselves in line^ radiating from each pole, and curving 
from pole to pole, called Imen tjf mfiffnetk force^ and representing the 
resultatit of the combined action of the two poles. 

The MAaNErrio field is the space surrounding a magnet as far as its 
influence is exerted. A magnet suspended therein ibflows the hnea of 
mttgnetie force, lying tangent to the magnetic curve. 



QUESTIONS. 

What IB meant by electricity? 

What is the rtifterftuce l>etween static and voltaie electricity? 

Wliat IB meant by a 4^uuil actor and an iusul&tor? 

What ia mciLnt by pckaitivi; and negative electricity? 

DeaeTibti the electroscope and it^ workings. 

What is tlie dUrerenee between quantity and tensiun of electricity? 

What ia iuduetitm ? 

What is a dieltictric? 

What is meant by poiariKatiou of a dielectric? 

Explain the actiun of a Troepler-Holt^ m&cbinc. 

What is an olcctric couden.ser? 

Descrilm the s true tare imd metbiwi of cbar^ng a Ijeydeu jar. 

What is magnet ism^ and what is meant by natnml and artificial majfuet^ 
and by a fiolenoid 't 

What is m^ant by the notth ami s<5Uth polea of a magnet? 

What La mcjiiit by magnetic^ punLmagnetie^ and dia magnetic bodies ? 

What is niejint by the eqnator of a magnet, magnetic field, lines of mag* 
netic fori'e, uod magnetic magazine ? 

What ia c<H?rcivr force? 

D«^rih^ an atrlatii.^ neodlc. 

Deacribe the conatructioa and workings q£ tv gi;i\\^m^ t:^- 
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What is meant by the cathode and anode poles? 

Define electric current and circuit. 

What is meant by the E. M. F. of a cell? 

What is the difference between an open and a closed circuit? 

How are cells joined in multiple arc and in series, and what is the result 
of each method on the circuit? 

What are the three principal units of measure used for electric currents, 
and how are they determined? 

Describe the structure and workings of a magneto-electric machine, and a 
dynamo. 

What is a commutator? 

What is an electric motor? 

Describe the induction coil. 

Describe the electric furnace, arc light, and incandescent light. 

What is meant by electrolysis, electrolytes, and ions ? 

Explain the theory of electrolysis. 

What are the properties of Rontgen or X-rays, and how are they generated ? 

What is the fluoroscope ? 

What is meant by radio-active substances? 



PART IL 
INORGANIC CHEMISTRY. 



CHAPTER I 



DfiFmrn ON. ^Chemistry ia the department of ecience treating of the 
composition of substarxcies, the changes m thiB composition from any 
cause 1 and the laws governing the changes. 

THE FUNDAMENTAL PRINCIPLES OF CHEMISTRY. 

Chemical Divisibility, 

A piece of ice heated in a glass tube will pelt, form steam ^ and dis- 
appear. Red oxide of mercury j lieated, similarly gradually disappears. 
If these subatanees be lieated in ^ tube connected with apparatus for 
collecting and cooling the gasea formed, the gas from iee may be recon- 
verted into water and ice, if the temperature be sufficiently lowered. 
Frt>m the red oxide of mercury a silvery liquid ia formed and a colorless 
gas which cannot be reconverted by phi/steal action. On the red oxide 
of mert:!ury the heat has therefore produced an effi^ct entirely different 
from that on the ice, Itecause it first produced its ordinary increase of 
piolecukr motion and volume^ after which the oxide deeotn posed, form- 
ing two substances, each different from itself: one, a silvery heavy liquid 
mct^d {iturmrif)^ the other, a colorless gas, eupporting combustion vig- 
orously {oxiftjfnX 

Elements and Compounds. 

Definition.^ — Mercury and oxygen resist all attempts to convert them 
into simpler forms, issue unchanged iroro all varieties of reactions with 
this intent, and are not de<!omposed by the most powerful influences. 
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All substanoes whicb, like oxygen atid mercury, can Dot be converted into 
simpler substances by any kriown means, are called elemenU^ wbile tliose 
wbifli may be separated into simpler substances witb new propertieSj 
are called compounds. 

MolecYiles and Atoms. 

Definitton. — Molecules are tbe am allei^t particles of matter existing 
free. All matter consist of molecules. From red oxide of men^uiy 
mercury and oxygen are obtained, esicli cunsialing oi' molecules. As the 
moieeulew of red oxide of mercury contain both mercury and oxygen, 
and as all molecules are of tbe same size (Avogadro's hiwjj tbe mole- 
cules of the mercury must lie made of piirticles of oxygen and mercury, 
each smaller than a molecule. 

A fonts are those piirticlea of elements uniting to form molecules. 
Atoms are also defined as the smallest particles of an element capable 
of entering into combination* 

Elerneifts have, thcrelbre, the atoms of their molecules alike. 

Compounds are substances, the molecules of toMch contaut atoms of 
different kinds. 

The tt^tal number of known elements is seventy-six. By combining 
in different prt3portions they fonii the varieties of matter in existence. 



Chemical Affliiity. 

DEFismoN,— If the red oxide of mercuiy be decomposed in appa- 
ratus like that in Fig. 16. the oxygen formed collects in the jar Cf fons- 

Fio. 16. 




Decomposition of mcrcurle tixlde In A : collection of mercurr Jn B and of oxreen 

in C. OlmoQ.) '* 

ing out the water. A piece of phosphorus, another element. Intro- 
dtieetj hto a jar thus filled with oxygen, will ignite^ bum, and form a 
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white poTvder, proved to be a compound of phosphorus and oxygen. 
If a piece of platinum be intTOduced ioUi the jar, no change is noticed^ 
For some e^iuse phosphorus aud oxygen com bine when brought together, 
while plutinum and oxygen do not. The cause is a form of aUnHlmn 
called vheimctil force or ctiemical tiffiniti/^ by which atoms of different 
elements form new substances, and bodies possessing this power of 
uuitmg into new substaneefi have affinit}/ for one another. When the 
atoms are all of one kind they combine mto molecules — e. g.^ hydrogen 
gas m a crtUtctton not of atonia^ hut of rnohcnhs of twu atoms etich. 

The IlEi^^TiuN or Ciie3hical to the Other FotaiB of Attrao- 
TtON.—V hem kal aJSimty is the attraction of atoms tor each other, 
uniting them into niolecaies. 

Cone An unites the constituent molecules of a substance* 

Adhesion keeps the molecules of adjacent surfaces of different sub- 
stances in contact. 

Gravitatioii is the attraction of masses for each other. 



Atomic and Molecular Weight. 

DEFrNiTioNS.-— All matter has weight, and molecules and atoms 
have their proportion of the whole. 

Atomic weight is a comparative weight, and the st^mdard ie the atom 
of least weight. Ilj/drogm has the lightent atom^ attd is therefore said to 
have an atomic weiaht of um'tg^ with ivhich the wnghtR of all other ele- 
ments are compared^ 

Mohcular weight is the conihined weights of all the atoms of a 
molecule. 

The weighing of individual molecules and atoms being impossible^ 
their weight must be determined by indirect methods. Of these, the 
more important are the following* 

Methods of BeteTminatiQB of Atomic Weight. 
I. By Chemical IiEcoMPOStTioN. 

By Electrolysis.— A weig^hed quantity of acidified water is pla*»ed 
in an a|^>j>arnlns for elei^trolysis like that shown in Fig, 17. The tubes 
contrtinmg the poles art^ tTiidnnfiv], tind completely filled with water with 
their open onus bekm tin surfiiN' nf the water in the jar. The appa- 
ratus 18 connected wit h a I nit Umj and eleetrolysiB begun. 

Hydrogen and oxyjs^en form at the poles, rise, and foree the water 
from the tubes. When a suflieient quantity of the gases has been 
formed, the electr(>lysis is ebeeked and the volunie of each gas is read 
froni the graduations. Tlie volume of hydrogen is always twice that of 
the oxygen. The ^as in eac*b tube is now weighe<l, the «y.^^?is\^<si^*S7 
iug B times as much as the hydrogen. As Oofe ^^^xhssi ^^ "^^^^^^^^ 
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Fig. 17. 



twice that of the oxygen, oxygen must weigh 16 times as much as an 
equal volume of hydrogen. According to the law of Avogadro, equal 
volumes of hydrogen and oocygen contain the same number of moZecu/es, 
therefore oxygen is 16 times as heavy as hydrogen. 
The atomic weight of oxygen is consequently 16. 

By Snbstitntion. — Hydrogen is liberated from a 
substance of known molecular weight by the element 
whose atomic weight is to be determined — e. g. : A 
molecule of hydrochloric acid consists trf 1 atom of 
H, weight 1, and 1 atom of chlorine, weicrhin^ 35.4; 
therefore, its molecular weight is 36.4. In this acid, 
hydrogen may be replaced by some other element 
(sodium), whose atomic weight is then determined 
by comparing the weight of the metal combined with 
the weight of hydrogen liberated. If 46 grams of 
sodium liberate 2 grams of H from the acid, then the 
atomic weight of sodium is 23. This method does 
not show whether 1 atom of sodium replaced 1 atom 
of hydrogen, or more than 1, consequently there is 
doubt as to the correctness of the conclusion, because 
if 1 atom of sodium replaced 2 of hydrogen, then the atomic weight of 
sodium would be 46. 




II. By the Specific Gravity op Gases. 

This method is not unlike the comparison of oxygen and hydrogen 
just described under Electrolysis. Wnen equal volumes of a gas of 
unknown molecular weight and of hydrogen are weighed, a comparison 
of the weights will give the molecidar weight of the gas examined — e. g,^ 
if a flask of hydrogen weighs 2 grams, and the same flask of another gas 
weighs 64, then its moleadar weight is 64. If it he an elementary gas, 
containing 2 atoms to each molecule, its atomic weight is 32. 

When the element is easily volatilized this method is very simple. 
When it is not volatile the moleadar weight of some gaseous product 
of it is determined, and from this the atomic weight of the element is 
calculated. 

III. By Specific Heat. 

It has been proved that the atomic weight is inversely proportional 
to the specific heat of an element. The product of the atomic weicht 
multiplied by the specific heat is a constant (|uantity, shown by the table 
below to be about 6.5. These facts were formulated as a law by Dulong 
and Petit in 1819. 

The Law of Dulong and Tetit— The atoms of all elements have 
ex:ae^/^ tAe same capacity for heat. 
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Table showing the Constant Product op Specific Heat into 
Atomic Weight of Elements. 



Element. 
Boron . . 
Carbon . 
Aluminum 
Potassium 
Copper . 
Iodine . . 
Lead . . 



Specific Heat. 
. 0.5910 
. 0.5416 
.0.2407 
. 0.1667 
.0.1008 
. 0.0513 
. 0.0315 



Atomic Weight. 
11 
12 
27 
39 
65 

126.5 
' 206.4 



Product. 
6.5 
6.49 
6.5 
6.5 
6.58 
6.48 
6.5 



The law of Dulong and Petit may be proved by taking 39 grams of 
potassium, 6.5 of copper, 206.4 of lead, and exposing them to the same 
quantity of heat, when the temperature of each rises equally. As these 
weights are the atomic weights of the elements, the same number of 
atoms of each is exposed to the heat, consequently the quantity of heat 
required to raise the temperature of 1 atom of potassium 1 degree will 
raise that of 1 atom of lead 1 degree, and so on. This is true of any 
other series of elements. 

By determining the specific heat of an element^ and dividing this nuwr 
her into 6.5, the atomic weight of that dement is determined. 



Methods of Determination of Molecular Weight. 

The molecular weight of a compound is determined by methods some- 
what similar to those for atomic weights. 

I. By Chemical Analysis. 

The percentage composition of a substance is calculated, and from it 
the molecular weights determined — e. g., a substance on analysis shows 
46 per cent, of sodium, 12 per cent, of carbon, and 48 per cent, of oxy- 
gen. The molecule, by inference, consists of tivo atoms of sodium, one 
of carbon, and three of oxygen, because the atomic weights of these 
elements are 23, 12, and 16, respectively ; hence the moleadar weight 
will be 85, and the composition, expressed by the formula NajCOa. 
The same percentage composition might also represent a compound 
having the formula Na4C206. Many substances, as CjH^ and C4H8, 
have the same percentage composition, and analytic methods are in- 
sufficient to indicate the number of atoms in the molecule. When the 
svhstance is volatile the application of Ai'ogadro^s law loiU avoid this 
difficulty, A volume of C4H8 will wei^h 56 grams, an equal volume of 
CjH* will weigh 28 grams, and an equal volume of hydrogen will weigh 
2 grams. 



6— P. L C. 
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n. By the Fall op the Freezing-point (Raoult's Method). 

The lowering of the freezing-point of a solution is proportionate to 
the number of molecules in solution. This fact is taken advantage of in 
determining molecular weight — e. g. , the freezing-point of water is 0° C. 
If a 5 per cent, watery solution of a salt of known molecular weight 
freezes at — 1° C, then the 5 per cent, of salt has lowered the freezing- 
point 1 degree C. If now a salt of unknown unoUcular weight be dissolved 
m water sufficiently to lower the freezing-point 1 degree C, then the 
quantity of salt dissolved in the latter case will contain the same number 
of molecules as the 5 per cent, of salt in the first case. Suppose 12 per 
cent, of the unknown salt be required to lower the freezmg-point 1 
degree C, then the molecular weights of the two substances wul be to 
each other as 5 : 12. 

This method is not applicable in all cases, the two substances must 
have no chemical action on the solvent, and must he m^emhers of the sam/e 
doss of substances, 

CHEMICAL DESIGNATION. 
Chemical Sjrmbols. 

Letters or groups of letters are used for conveniently designating ele- 
ments, and are generally the first or the first and second letters of the 
Latin name of the element — e. g. , is the symbol of oxygen, H of 
hydrogen, Hg of mercury (Hydrargyrum), Ca of calcium, and C of 
carbon. 

Chemical Formulas. 

Collections of S3anbols are used to represent the constituent atoms of 
a molecule and the proportion of each atom. When a formula consists 
of symbols of elements only, as HgO, it indicates that the molecule of 
oxide of mercury consists of 1 atom of mercury and 1 atom of oxygen, 
or 200 parts by weight of mercury and 16 parts by weight of oxygen. 

The figure placed helow and to the right of a symbol in a formula 
indicates the number of atoms of the element represented which occur 
in the molecule — e. g. , H2O indicates that a molecule of water consists 
of two atoms of hydrogen and one of oxygen. The figure placed on 
the same line with, and to the left, of a molecule indicates the number 
of molecules entering into the compound — e. g., Ca 2(0H) indicates the 
molecule of calcium hydroxide to consist of one atom of calcium in 
combination with two molecules of a compound containing one atom 
each of oxygen and hydrogen. 

Molecular formula is the term describing the above formulas. 
They show simply the different atoms and the proportion of each in the 
molecule. 
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THE LAWS OF CHEMICAL COMBINATION. 
Oeneral Principles. 

Definition. — Chemical combination is the union of two or more 
substances through chemical affinitv, into a new substance, differing in 
properties from any ingredient/ The combining substances lose their 
distmct properties. 

Mechanical mixture and chemical combination differ fundamentally, 
as best shown by an example : 

If iron-filings and powdered sulphur be rubbed together in a mortar, 
a greenish-yellow powder is obtained. A few grains of this under the 
microscope will show the separate particles of iron and sulphur, and a 
magnet will remove all the iron from the powder and leave the sulphur 
unchanged. The greenish-yellow powder is a mechanical mixture or a 
mixture of molecular clusters. 

If this mixture be heated until the sulphur melts, the elements will 
form sulphide of iron, a substance differing in properties from both 
ingredients, their characteristics having disappeared. This process is 
therefore a chemical combination. 

Molecular Mixtures. — When two substances, as two metals, are fused 
together, or when two gases or liquids are mixed together, or when 
a solid is dissolved in a liquid, the mdividual masses can no longer be 
recognized by the microscope. These mixtures are called molecular 
m,ixtures. 

The dissociation of electrolytes, on dissolving^ has been mentioned 
(see page 56). This dissociation is not a chemical change. 

A true chemical combination is not a mixing of molecules, but is a 
joining together of atoms into the molecules of a new substance. 

The Law of Constancy of Composition. 

The same substance always contains the same elements in the same 
proportum. 

The proportion in which the atoms unite into the molecule of a 
definite chemical compound is invariable. In the combination of 
sulphur and iron into sulphide of iron 32 parts hi/ weight of sulphur 
and 56 of iron unite to form 8cS of sulphide of iron. These figures 
represent the atomic weights of sulphur and iron, and if the elements 
arc mixed in any other proportion the excess of one will remain uncom- 
bined and unchanged — e. g.^ if 100 pounds of iron and 32 of sulphur 
are heated together, 88 pounds of sulphide of iron and 44 pounds of 
unchanged iron will result. The fact tliat the proportions in which the 
atoms unite to form a molecule of a definite chemical compound ^i:<^ 
invariable, was the first law ever recognized \\\ cVv^m\^Vrj . 
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The Law of Multiple Proportions. 

One element may unite with varying quantities of another into differ- 
ent compounds^ hut the varying quantities of the second element combin- 
ing with a fxed quantity of the first hear a simple rcUio to each other — 
e. g., in the combinations of nitrogen and oxygon, into NjO, N,Oj, 
N2O3, N2O4, N2O5, the varying quantities of oxvgen combining with 
a fioced quantity of nitrogen {two atoms) are to each other as 1 : 2, 1 : 3, 
2 : 3, 3 : 4, 4 : 5, etc. 

Dalton's atomic theory finds its chief support in the foregoing 
law, Dalton arguing that the only possible explanation of the facts cited 
lies in the assumption that elements are made up of particles of definite 
weight, which he called atoms. 

The Law of Chemical Combination by Volumes. 
(Oay-Lussac.) 

When two or more gases cornbine chemically into a gaseous compound^ 
the volumes of the individual constituents hear a simple ratio to the 
volume of the product. 

If the combining volumes of the different gases be weighed, a 
simple ratio between these weights and their atomic or molecular weights 
will be found to exist — e. g. , 1 volume of hydrogen and 1 volume of 
chlorine unite to form 2 volumes of hydrochloric acid (HCl). The 
proportion of H to CI is as 1 : 1. If the volume of hydrogen weighs 
1 gram, the equal volume of CI weighs 35.4 grams — i. e., the atomic 
weights of the elements. Under constant pressure and temperature 
Gay-Lussac observed the following : 1 liter of hydrogen combines with 
1 liter of chlorine to form 2 liters of gaseous hydrochloric acid (molec- 
ular weight, 36.4); 2 liters of hydrogen and 1 of oxygen combine to 
form 2 liters of gaseous water (molecular weight, 18) ; I liter of hydro- 
gen, 1 of nitrogen, and 3 of oxygen form 2 liters of gaseous nitric acid. 
Similar observations including all combinations of gaseous elements into 
gaseous compounds, and some other reasons, led to the adoption of the 
law of Avogadro (see page 19). 

The Law of Equivalents, Valence, or Quantivalence. 

^''When one element replaces another element in a combination^ the 
replacement always takes place in fixed proportions.^^ 

Definitions. — Chemical equivalents or equivalent numbers are the 
relative quantities in which the elements replace one another. 

Equivalent elements are those in which one atom of the one replaces 
one atom of the other element. 

Atomicity, quantivalence, or valence, is the peculiar attraction pos- 
sesscd by the atoms of certain elements, by which they have the power 
of replacing two or more atoms of others. 
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The unit of meamre of this power is the valence of the hydrogen 
atom. 

Univalent elements are those one of whose atoms replaces one atom 
of hydrogen in a combination, or combines with one atom of hydrogen 
into a saturated compound. 

Bivalent, trivalent, quadrivalent, qumguwalent, etc., elements are 
those one ol whose atoms replaces, respectively, two, three, four, Jive, etc., 
hydrogen atoms. Monads^ diads, triads, tetrads, pentads, etc., are 
synonyms for these terms. 

Valence is often indicated by dots or numbers placed above and to the 
left of the chemical symbol — e. g., C — , C*'', indicate that carbon is 
quadrivalent 

Bonds of Aitinity. 

Arithmetically univalent atoms have one; bivalent, two, etc., bonds 
of affinity or points of attraction to other atoms. Bonds are graphically 
represented by Unes between one symbol and another — e. g,, 



. _ii_ _6-. 



I 

They are onfy symbolical, and express the view of a definite power 
of atomic combmation. 

Satisfaction of the bonds is the fiill combination of atoms, and 
is expressed graphically as below. 

Graphic, Structural, or Constitutional Formulas. 
These diagrammatically represent this satisfaction of bonds — c g.: 

H-S-H or S<5 ; H-C-H or C<5. 

H ^ 

Graphic or stntcfural formulas do not represent the actual position of 
the atoms in space., hut e^cpress the chemical relations of the substance. 

By means of them chemical changes are made more intelligible, and 
methods of preparation of new compounds often foreseen before actual 
discovery. Molecular arrangement cannot be rendered msible, but can 
be determined by study of physical and chemical properties, combina- 
tions, and decompositions of substances under certain conditions. 

Certain elements do not show the same valence under all conditions 
— e. g., two Btoms of phosphorus can unite with either three or five atoms 
of oxygen into the saturated compounds P2O3 and P2O5. As oxy^cetv \^ 
bivalent, therefore the phosphorus acts as a tmaXeu^, ^w\ 'v^wKaN^s^'ivJSo^ 
respectively. Similar action is shown by eevewX o\^«t ^\«>TQa»^ ^xAxo»^ 
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be explained only h^ assuming that one or more bonds of an atom unite 
with other bonds of the same atom, as is graphically shown by : 

<P=^0 0=P=0 

>0 >0 

<P=0 0=P=0 

P203 P205 

Whenever the atom of an element shows variations in valence, the 
valence increases or diminishes by the fixed quantity two^ which is a fact 
essential to the above explanation^ — e. g. , chlorine^ usually a monad, may 
have a valence of iii, v, or vii ; sulphur, usually bivalent, may be iv or vi 
valent. 

Artiads and Perisads. 

Definition. — Artiads are atoms whose valence is expressed in even, 
and perisads in uneven numbers. 

Unsaturated Compounds and Kadicals. 

Definition. — Unsaturated compounds are formed when atoms of 
elements of different valences are united, leaving affinities unsaturated, 
and therefore combine with other elements with great ease. 

Radicals are unsaturated compounds, capable of entering and leaving 
combinations without being changed. 

QUESTIONS. 

What is the difference between the action of heat on ice and on red oxide 
of mercury? 

What is an element, and how do elements differ from compounds? 

What is an atom, and what is a molecule? 

What is chemistry ? 

What is chemical affinity ? 

How can the exist<?nce of affinity he shown ? 

How does affinity differ from cohesion, adhesion, and gravitation? 

What are meant by atomic weight and molecular weight ? 

What atom is the unit of comparison in atomic weights? 

Describe three methods of determining atomic weights. 

Why are chemical means insufficient for determining atomic weights? 

Explain the law of Dulong and Petit. 

If the specific heat of an element is 0.9408, what is its atomic weight? 

If 224 grams of an element replace 8 grams of hydrogen in hydrochloric 
acid, what is its atomic weight? 

What are chemical symbols and chemical formulas? 

What is indicated by the following formula : FeO, CUCI2, MgBrj, PbS? 

How do chemical combinations differ from mechanical mixtures and molec- 
uJar mixtures? 

State the law of constancy of composition. 
Explain the law of multiple propoTtiowa. 
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State and explain the law of chemical combination by volume. 

Explain valence. 

What is a graphic formula ? 

What is an artiad, and what is a perisad ? 

What is the structural nature of an unsaturated compound ? 

What is a radical ? 

What is the characteristic behavior of a radical ? 



CHAPTER 11. 



THE ELEMENTS AND CHEMICAL COMPOUNDS. 
THE ELEMENTS. 

Practical Classification. 

I. Universal Importance. — Only about one-fourth of the total 
nmnber (77) of elements unite to form the greater part of the earth, 
atmosphere, animal and vegetable matter. 

II. Commercial Importance. — Other elements, not in large quan- 
tities or important in animal or vegetable matter, are used in some form 
or other in the arts. 

III. Scientific Importance. — Elements not in the above classes 
are of scientific interest, and exist in minute or problematical quantities. 



Table of the Elements (after Simon). 



I. 



II. 



[Jniversally 


COMMERCLA.LLY 


Important. 


Important. 


Aluminum. 


Antimony. 


Calcium. 


Arsenic. 


Carbon. 


Barium. 


Chlorine. 


Bismuth. 


Hydrogen. 


Boron. 


Iron. 


Bromine. 


Magnesium. 


Cadmiun. 


Nitrogen. 


Cerium. 


Oxygen. 


Chromium. 


Phosphorus. 


Cobalt. 


Potassium. 


Copper. 


Silicon. 


Fluorine. 


Sodium. 


Gold. 



m. 

Scientifically 
Important. 
Beryllium. 
Caesium. 
Columbium. 
Didymium. 
Erbium. 
Gadolinium. 
Gallium. 
Germanium. 
Indium. 
Iridium. 
Krypton. 
LantKawixs^.. 
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Sulphur. 



Iodine. 


Neon. 


Lead. 


Osmium. 


Lithium. 


Palladium. 


Manganese. 


Praseodymium. 


Mercuiy. 


Khodium. 


Molybdenum. 


Bubidium. 


Nickel. 


Buthenium. 


Platinum. 


Samanum. 


Silver. 


Scandium. 


Strontium. 


Selerium. 


Tin. 


Tantalum. 


Zinc. 


Tellurium. 




Terbium. 




Tetanium. 




Thallium. 




Thorium. 




Thulium. 




Tungsten. 




Uranium. 




Vanadium. 




Xenon. 




Ytterbium. 




Yttrium. 




Zirconium. 



Chemical Classification. 

Elements are best classified by dividing them into two groups the 
METALS and the non-metals. 



The Metals. 

Properties. — Metals, fifty-eight in number, possess opacity, peculiar 
brightness (metallic lustre)^ conduct heat and electricity well, combine 
with oxygen into compounds with basic properties, and replace hydrogen 
in acids lorming salts. 

The Non-metals or Metalloids. 

Properties. — Non-metals or metalloids possess no characteristics of 
metals, combine with oxygen into oxides (which when combined with 
water have acid properties), and in all other chemical and physical 
respects differ from metals. 

Certain members of both groups show closely similar properties, and 
both metals and non-metals are divided into natural subgroups, whose 
members show a relation between atomic weights and properties — e^ g,^ 
the metals lithium, sodium, and potassium resemble each other in many 
properties and form a natural group. The sum of the atomic weights 



THE ELEMENTS. 73 

of lithium and potassium (7 + 39 = 46) divided by 2 gives 23, the 
atomic weight of sodium. 

Mendelejeff's Periodic Law. 

This expresses the relation between atomic weights and properties of 
elements. " When the elements are arranged in the order of their 
atomic weights, elements having similar chemical and physical properties 
will he found at regular intervals of the seines.^ ^ Mendelejefirs table 
shows elements arranged in vertical columns in the order of atomic 
weights, forming eight groups and twelve series, and those of similar 
physical and chemical properties fall into the same group. 

The ALKALI METALS, are in Group I. 

The HALOGENS, are in Group VIII. 

Affinity for oxygen increases periodically from left to right, and 
AFFINITY for HYDROGEN increases from right to left — e. g., sodium of 
Group I. forms NaaO; aluminum, of Group IT I., AI2O3; phosphorus, 
of Group IV., P2O5 ; chlorine, of Group VII. , HCl ; sulphur, of Group 
VI., HaS; and silicon, of Group IV., H^Si. 

Small Periods. — On account of this periodic change in properties 
of the elements of the same series, each subseries is called a smxiU 
period. 

Basic Properties. — Oxides in Group I. are strong bases; in Group 
II. not so strong; in Group III. still weaker; in Group IV. indif- 
ferent or weakly acid. 

Acid properties then become marked in Groups V., VI., and 
VII., serially. 

Interserial Relations. — In the same group, members of the even 
periods resemble each other jnore closely than they do the members of 
the uneven periods, and vice versa — e. g. , in Group II. cxdcium, stron- 
tium, and barium, of the periods 4, 6, and 8, resemble one another 
more closely than they resemble magnesium, zinc, and cadmium, of the 
series 3, 5, and 7. For this reason the elements in each group are 
arranged in two columns so thai the elements of similar properties stand 
together. 

Intermediate Series. — In arranging the elements in this manner 
certain elements were found not to fit into any of the groups and series 
properly, but Ui form a series of three elements, whose properties made 
them fall as an intermediate series following the even periods 4, 6, and 10. 

Large periods are an uneven, an even, and an intermediate series 
taken together, and when c/rmplete comprise 17 elements. 

Blank Spaces. — ^These in many groups are apparently objectiona- 
ble features of the table, but Mendelejeif stated that they were left for 
elements yet undiscovered. Since that time three elements, scandium, 
gallium, and qermanium, have been discovered. Their general proper- 
ties and atomic weights assigned them to their present places, previ- 
ously blank. Argon and helion, recently di8co\<i,x^<i. V^:^^ ^'^\.\ifej«^ 
sufficiently investigated to give them a pWe m \)tv^ \siJ^^. 
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Physical Classification. 

The physical properties of elements vary : most elements are solid at 
ordinary temperatures; mercury and bromine^ liquids; and five of the 
more important elements, gases [hydrogen^ oxygen^ nitrogen^ chlorine, 
and fluorine). 

Probably all, certainly most, of the solid elements form crystals under 
specific conditions ; some are polymorphous, and others both amorphous 
and crystallizable. 

Allotropy. 

This is the property of elements to exist in difierent conditions. 

Allotropic modifications are the different forms assumed — e. g, , 
carbon exists, crystallized as diamond and graphite, and amorphous as 
charcoal. 

Allotropy is also possessed by some gases — e, g., oxygen exists in tioo 
forms, common oxygen and ozone, differing physicallv and chemically. 
Allotropy is due to differences in the arrangement of the molecules m 
each form — e. g, , ozone has three atoms of oxygen in each molecule, and 
ordinary oxygen two. 

A few elements have odor and taste; several, distinct colors; but 
most, no odor, taste, and no color. 



Electrical Classification. 

The electrical conditions of the different elements have been deter- 
mined by electrolysis. Those collected at the positive pole are said to 
be NEGATIVE, and those at the negative pole, positive. 

As a rule, the metals are ^4'ctropositive, and non-metals electronega- 
tive. In the table hdauj, each element is negative to those following and 
positive to those preceding. 

Table of Elements Electrically Classified. 
Negative End. 

Oxygen. 

Sulphur. 

Nitrogen. 

Fluorine. 

Chlorine. 

Bromine. 

Iodine. 

Selenium. 

Phosphorus. 

Ai-senic. 

Chromium. 

Vanadium. 



Molybdenum. 


Osmium. 


Tungsten. 


Iridium. 


Boron. 


Platinum. 


Carbon. 


Rhodium. 


Antimony. 


Ruthenium. 


Tellurium. 


Palladium. 


Tantalum. 


Mercuiy. 


Columbium. 


Silver. 


Titanium. 


Copper. 


Silicon. 


Uranium. 


Hydrogen. 


Bismuth. 


Gold. 


Tin. 
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Indium. 


Didymium. 


Strontium. 


Lead. 


Cerium. 


Barium. 


Cadmium. 


Thorium. 


Lithium. 


Thallium. 


Zirconium. 


Sodium. 


Cobalt. 


Aluminum. 


Potassium. 


Nickel. 


Erbium. 


Rubidium. 


Iron. 


Yttrium. 


Caesium. 


Zinc. 


Glucinum. 




Manganese. 


Magnesium. 


Positive End. 


Lanthanum. 


Calcium. 





The Chemical Characters of Elements. 

The Nascent State of Elements. 

This is the condition of elements at the instant their atoms leave 
molecules, and before the atoms have had time to combine with other 
atoms. During it they combine with greater energy than after having 
united to form molecules — e. ^., if hydrogen gas be collected and pafised 
through a solution of arsenous oxide (AS2O3) no reaction occurs; if, how- 
ever, it be evolved m a solution of arsenous oxid^ the nascent hydrogen 
atoms have sufficient energy to combine with both As and atoms and 
form arsenuretted hydrogen (AsHg) and water. 

The Loss of Elementary Properties in Compounds. 

CHEMICAL COMPOUNDS. 

In combining into compounds, elements generally lose their charac- 
teristic properties. No general rule indicating the properties of the 
compounds can be given because of their great number and the varieties 
of their properties : usually a gaseous compound contains one gaseous 
element, and the union of two solid elements generally results in a solid, 
rarely a liquid, and never a gas at ordinary temperature. 

Classification of Compounds. 

No perfect system of classification of compounds has ever been 
devised. A few groups or classes of compounds exist, whose proper- 
ties are so distinct and characteristic that a substance belonging to any 
one of them may be easily recognized. These groups are the acids^ Ixises, 
and neutral salf^. 

Acids. 

Definition. —Acids are substances formed by the combination of 
hydrogen witli an electronegative element or group of elements. 
Properties. — J. When soluble in watiCi tkey Ivave a sour taste. 2. 
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They change the color of several organic substances, litmus being changed 
from blue to red (^'acid reaction " ). 3. The hydrogen is replaceable by 
metals. The resulting compound is called a salt ; and according to the 
number of hydrogen atoms that may be replaced by metals acids are 
monohoMC^ dibasic^ and tt-ibasic. Monobasic acids form normal salts 
only. 



Definition. — Bases are chemically the opposite of acids, are gen- 
erally compounds of electropositive elements with oxygen, or oftener 
oxygen and hydrogen — e. g., CaO, calcium oxide, and NaOH, sodium 
hydroxide. 

Properties. — 1. With acids the bases form salts— e. ^., sodium hy- 
droxide and hydrochloric acid combine chemically into water and the 
salt sodium chloride : NaOH -f HCl = H,0 + NaCl. 

2. Bases soluble in water restore the color of organic substances 
changed by acids — e. g., litmus is restored from red to blue ('* alkaline 
reactions'"). 

3. When soluble in water they taste of lye. 

According to the number of hydrogen atoms that a base can replace 
in an acid, it is termed monacid, diacid^ triacid^ etc. 

Salts. 

Definition. — Salts are formed when the hydrogen of an acid is 
replaced by a metal or a basic radical. 

Normal salts have all the replaceable hydrogen of an acid replaced — 
e. ^., sodium chloride, NaCl, and sodium sulphate, Na^SO^, generally 
are neutral to litmus, but may be either acid or alkaline. Potassium car- 
bonate, K2CO3, is alkaline, cupric sulphate, CuSO*, acid, respectively, 
because carbonic acid is very weak and unable to overcome the alkalinity 
of the strong potassium hydroxide, and sulphuric acid is very powerful 
and outbalances the weak base cupric hydroxide. 

Acid salts have only a portion of the replaceable hydrogen of acids 
replaced—/?.^., NaHSO*, NajHPO*, and CanP04, btq geno-ally acid 
to litmus, hxii freqnenthf neutral, and occasionally alkaline — e. ^., ordi- 
nary sodium phosphate, Na2HP04, is slightly alkaline to litmus. 

Basic salts (oxy-salts or sub-salts) contain an excess of the base 
over the quantity required for the formation of a neutral salt, and are con- 
sidered as derived from bases by replacement of part of their hydrogen 
by acid radicals — e. g. , bismuth hydroxide has one, two, or three replace- 
able hydrogen atoms : if all three are replaced, as in bismuth nitrate, 

Bi(N03)3, a normal salt results ; if only one or two, as in Bi < /qjj'\ or 

Bi< oyI -> ^^^^ ^^ occur. 

Double salts are formed by replacing the l\ydxo^<evv ^S. •aKs.^vs^Xs^ 
two metals, as potassium-sodium suVphate, IS.'^^^Ov 
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Residues, Radicals or Compound Radicals. 

Definition. — ^These are unsaturated groups of atoms, obtained by 
removal of one or more atoms from saturated groups, capable of com- 
bining actively with elements or other radicals, but having no separate 
existence — e. g., the residue hydroxyl (OH) enters into many com- 
pounds, as sodium hydroxide (NaOH) ; calcium hydroxide, Ca(0H)2, etc. 

The radical (OH) is formed by the removal of one atom of hydro- 
gen from the saturated compound HjO, making one bond unsaturated, 
and the radical univalent. According to the number of bonds unsatu- 
rated, bivalent, trivalent, etc. , radicals exist. 

Neutral Substances. 

Definition. — ^These show neither acid nor basic properties, but many 
are known possessing limited characteristics of both acids and bases. 

The Process of Neutralization. 

Definition. -J— When an acid and a base are mixed together so that 
the characteristic properties of each disappear they are said to have 
been neutrahzed. 

To explain neutralization, it is necessary to consider the condition 
of the atoms in the molecules of acids and bases. Hydrogen replaceable 
by metals is an essential constituent of all acids, but the property of being 
replaced by metals is not a constant function of hydrogen atoms, as is 
shown by the fact that while iron can liberal^ hydrogen from sulphuric 
acid, the metal has no effect on oil of turpentine (CioH,e). The hydro- 
gen of acids is therefore in some peculiar condition which imparts to 
acids their characteristics, because when the hydrogen of an acid is 
replaced all its special features disappear. Each acid has its own proper- 
ties, imparted by the element or group of elements combined with 
hydrogen. 

This IS proved by the fact that any acid will show certain definite reac- 
tions whether free or neutralized — e. g.^ silver nitrate forms silver chloride 
when added to hydrochloric acid, and also when added to sodium 
chloride ; barium chloride forms barium sulphate when added to free 
or neutralized sulphuric acid. 

The characteristic action of an acid is supposed to be due to the sepa- 
ration (dusociation) of its constituent ions, when dissolved in water, the 
hi/drogen being the anion and the acid residue the cation (see page 55). 
The cation may be a single atom or a group of atoms — e. o'., hydro- 
chloric acid is dissociated into hydrogen and chlorine, and sulphuric acid 
into hydrogen and the group SO4 : 

Positive. Negative. 

HCl = H + CI; 

Positive. Negative. 

H2SO4 = 11 -^ SO^. 
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The radical hydroxyl (OH) is characteristic of all soluble metallic 
bases, and when dissolved in water these bases dissociate into anions of 
the metals and cations of hydroxyl — e. g. , sodium hydroxide dissociates 
thus, 

Positive. Negative. 

NaOH = Na + OH. 

The dissociation of salts is similar to the above ; the metal or basic 
radical forms the anion and the acid radical the cation — e. g.^ 

Positive. Negative. 

NaCl = Na + CI. 

In these dissociated ions the elements are certainly not in their ordi- 
nary condition^ hit the difference between these conditions is in essence not 
Jmown. 

Neutralization depends on the removal of the characteristic hydrogen 
from acids, and of the cJutracteristic hydroxyl from alkalies. These 
constituents then combine to form water, which does not dissociate. 

The neutralization of hydrochloric acid by sodium hydroxide is shown 
by the formula : 

- + - + - + - 

CI + Na + OH == Na + CI + H + HO = NaCl + H^O. 

The second reaction in this equation represents the condition assumed 
to exist in the substances formed during it as long as they remain in 
solution. When the solution is concentrated by evaporation, the ions 
of Na and CI combine into molecules of NaCl, common salt. 

QUESTIONS. 

What is the total number of elements known, and how many are of great 
and general importance ? 

What are the characteristics of metals and metalloids ? 

What is meant by a natural group of elements? 

What is Mendelejeflf 's periodic law ? 

What constitutes a period or a series in this law? 

What constitutes a large period ? 

What is allotropy ? 

Give examples of allotropic modification. 

What is meant by the nascent state? 

What are the characteristics of acid, basic, and neutral substances? 

What are salts? 

What are meant by normal, basic, and acid salts ? 

What are meant by monobasic, dibasic, and tribasic acids? 

What is a residue or radical ? 

Explain the process of neutralization. 

What is the chemical basis of neutralization ? 

What are double salts ? Give examples. 

What are uni-, hi-, and trivalent radicals? Give examples. 

What are mono-, di-, and triacid bases? G\\ft ^"x.^tk^«&. 
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CHAPTER III. 

CHEMICAL COMBINATION AND DECOMPOSITION. 

Definitions. — Chemical change, like all other natural phenomena, 
is due to motion, which may be produced by the physical action of heat, 
light, or electricity, or by the chemical action of one substance upon an- 
other, whereby the atoms better satisfy their affinities by rearranging 
themselves into new substances. 

Chemical reaction is therefore the mutual action of two substances 
producing chemical change. The term is usually limited to the study 
of the substances decomposed or formed (decomposittori and composition). 

Reagents are substances used to bring about chemical reactions. 

Combination into Compounds under Heat. 

By exciting increased molecular vibration, heat causes chemical com- 
bination, the molecules being brought more closely under each other's 
attraction. 

Decomposition of Compounds under Heat. 

The breaking of mercuric oxide into mercury and oxygen by heat 
has been mentioned ; similarly heat decomposes other compounds into 
elements or into simpler combinations — e. g. , heat converts cupric hy- 
droxide into cupric oxide and water: 

Cu(OH), + Heat = CuO + H^O, 

in which one molecule of five atoms is split into two molecules of two 
and three atoms, respectively. 

Heat causes chemical decomposition by increasing molecular vibration, 
which very likely makes the molecule less stable and weakens the atomic 
attraction. The temperature of decomposition varies with the nature 
of the substances. 

Chemical Combination and Decomposition by 
Electricity and by Light. 

Examples of these reactions will be considered (pages 44, 55, 56). 

Combination and Decomposition by the Mutual 
Reaction of Substances. 

Yor the exchange of atoms between two substances in chemical reao- 
tion, free molecular motion is required, constqiiently direct chemicdl reac- 
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lion between solids is rare. When solids of high chemical afl&nity are 
very finely powdered and well mixed, chemical combination may result. 
Usually one or both the solids are dissolved in a liquid, or are converted 
into a liquid or a gas by some means. 

Substances may act on each other in three ways : 

(1) Direct combination— c ^., H 4- CI = HCl ; 

(2) Direct or single decomposition— e. g., HCl + K = 
KCl + H; 

(3) Indirect or double decomposition— e. g., KCH-AgN03 = 
AgCl + KNOs. 

The formulas given in (1) and (2) are not entirely correct, because 
they represent the action as between free atoms^ not between molecules. 
Therefore the first would be correctly written : 

HH +C1C1 = 2HC1; 
and the second : 

2HC1 + KK = 2KC1. 

Chemical Basis. — The atoms of a certain element have greater 
affinity for those of one dement than of another — e. g., the affinity 
between chlorine and potassium is greater tJian that between chlorine and 
hydrogen. 

No rule governing this affinity can be devised, because of variations 
in affinity shown by the 'same elements under different conditions 
— e. g., steam passing over red-hot iron will form oxide of iron and 
hydrogen : 

3Fe + 4H2O = FcsO^ -f 8H. 

This indicates that iron and oxygen have greater affinity for each other 
than hydrogen and oxygen when combined as steam. 

When hydrogen is passed over hot oxide of iron, water and metallic 
iron are formed : 

¥e,Oi + 8H = 4H2O + 3Fe. 

This, the exact reverse of the former reaction, indicates an opposite 
condition of affinities. 



The Law of Mass-action. 

The alteration of the affinity of oxygen, that is indicated by the last 
two reactions, is explained by the law of mass-action. 

" Chemical action is proportional to the active mass of each sulx^fance 
taking part in the change.'' When a great excess of iron is acted on by 
steam the iron decomposes the water, and when oxida c>^ xi^wSss -^R^fc^ 
on by an excess of hydrogen iron and watex axe ^oxtsi^^. 
d—F, L C, 
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The Laws of Berthollet. 

These govern certain chemical decompositions, and are : 
/. Wlu^i two or TTwre substances are togethei' in solution^ which by 
rearrangement of their atoms can form a substance insoluble m the sol- 
vent, this insoluble resultant substance unll form and separate as a 
precipitate — e. g., the formation of insoluble baiium sulphate by mixing 
solutions of barium chloride and sodium sulphate. 

IL When two substances are brought together, which by rearrange- 
ment of their atonis can form a substance gaseous at the temperature of 
the experiment, this gaseous resultant substance unll form and escape as a 
vapor — e. g., the liberation of ammonia when ammonium chloride and 
sodium hydroxide are mixed, 

ANALYSIS AND SYNTHESIS. 

Chemical reactions may be analytical or synthetical. 

Definitions. — Analytical reactions decompose compounds into their 
elements or simpler compounds. 

Analysis is investigation by this method. 

Synthetical reactions comoine compounds into more complex sub- 
stances. 

Synthesis is investigation by this method. 

CHEMICAL EQUATIONS AND STOICHIOMETBY. 

Definition. — Chemical formulas have been mentioned, the molec- 
ular on page 66, the graphic on page 69. 

Chemical Equations. --^he molecular formulas, when combined into 
equations, mathematically represent chemical reactions. 

Stoichiometry is that part of chemistry dealing with these equations. 

Formation of Ciiemicat. Equations. — In their left-hand member 
the formulas of substances brought together are written, connected with 
a plus (+) sign, and the results of the reactions, in their right-hand 
member — e. g., 

CaCOa + H,SO, = CaSO^ + Kp + CO^. 

This eauation indicates that when a molecule of calcium carbonate and 
of sulphuric acid are brought together the reaction forms one molecule 
each of calcium sulphate, water, and carbon dioxide. 

If two or more molecules enter the reaction, their number is indicated 
by the appropriate figure placed before the formulas, or symbols — e. g. , 

CaCOg -I 2HC1 = CaClj + 11 f> + CO^. 

This expression indicates the reaction between one molecule of calcium 
carbonate and two of hydrochloric acid ; and 

SBaCl, + 2II,P04-^ Ra,(P0,)2 + 6HC1 
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indicates the reaction between three molecules of barium chloride and 
two of phosphoric acid. 

Proof op Chemical Equations. — As matter is indestructihle, it is 
obvious that the sum of the weights of the mjolecules in one memher of an 
equation must equal that of the other ^ and every correct chemical equation 
is therefore connect mathematically. 

Practically these equations are of great value, as by their use the 
relative proportions are calculated in which substances must be mixed to 
produce certain other substances — e. g., the first foregoing equation indi- 
cates that a mixture of calcium carbonate 100 parts and sulphuric acid 
98 parts will form 136 parts, by weight, of calcium sulphate, 18 parts 
of water, and 44 parts oi carbon dioxide (the molecular weight of each) : 

OaOO, + H2SO4 = CaSO, + HP + CX), 

Ca= 40 2H=r 2 C^= 40 2H:= 2 C = 12 

C= 12 S = 32 S-3 32 0--16 20 = 32 

30= 48 40 = 64 40 = J4 ^ J4 

106 98 136 

Equations may also indicate the actual weights of substances reauired 
to uroduce a definite weight of a product — e. g., to produce 132 lb. of 
carbon dioxide, 300 lb. of calcium carbonate and 294 lb. of sulphuric 
acid will be required: 

CaCOa + H.,m^ --= CaSO, + H^O + CX)^ 
100 4- 98 = 136 + 18+44 
100 : 44 : : X : 132 lb. 

44x = 13200 
X = 300 1b. 

98 : 44 : : X : 132 lb. 

44x = 12936 
X = 294 lb. 

The third and fourth tenmofany s^ich equation will always he of the 
same denomination. In writing chemical equations it is necessaiy to 
remember that equivalent qiumtities replace one another — c. g.^ two atoms 
of a univident element replace one atom of a bivalent element, three univ- 
alent replace one trivalent, three bivalent replace two trivalent, etc. 

QUESTIONS. 

How may chemical decomposition be produced? 

What is a chemical reaction ? 

Mention three forms of reaction. 

What is a reagent? 

Give an example of mass-action. 

State the laws of BcrthoUet 
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What is the difference between analysis and synthesis? 
What facts must be observed in writing equations? 
Why are equations correct mathematically when correct chemically? 
Complete the following equations, indicating the correct number of mole- 
cules of the factors in the first six : 

H2'S04 -f Na' = 

Ba"Cl2 + Ag'NOs = 

Al'"Cl3 + Ag'NOs = 

Bi"'(N03)3 + Na'OH = 

FeyCle + K'OH = 

Fe2'"(S04)3 + Ba"'Cl2 = 

Na2'C03 + Ca"(OH)2 = 

K'Cl + Ag'NOa = 

Cu"S04 + K'OH = 

Pb"(N08)3 + Na.2'C03 = 

Mg'SO* 4- Ba"Cl2 = 

Zn"S04 + Na'OH = 



CHAPTER IV. 

CHEMICAL NOMENCLATURE. 

General Purpose. 

In modern chemical nomenclature, the name of a compound 
expresses our view of its constitution or properties. 

The Significance of the Suffix -Ide. 

Compounds, fonned by the union of two elements uniting in one pro- 
portion only, are named by adding the sufl&x ide to the name of the 
negative, atom — e. <7., 

Sodium chloride and potassium iodide, for the compounds NaCl and 
KI. 

The Significance of the Prefixes Mono-, Di-, etc. 

When several compounds are formed by the union of the same 
elements in different proportions, the prefixes mo7io-, c?i-, tri-^ tetra-, etc, 
are joined to the name of the negative atom — e. g.^ 

Carbon monoxide, CO ; carbon dioxide, CO2 ; sulphur dioxide, SO, ; 
phosphorus trichloride, PCI3 ; and phosphorus pentachloride, PCI5. 

The Significance of the Suffixes -Ic and -Ous. 

The diifercnt substances formed by the union of the same elements 
w t?vo proportions are named by adding the suffix ic to the name of the 
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po^^ttve clement fnr the nanie of the compnund in which this element 
lias the greuftr valenae^ and oiis^ of the compouriil in which it has the 
lowfit* valcnce^i^. fA, 

l^hnsphorie oxide for }\0^^ and phoHphoroiis oxide for PaO^ ; ferric 
oxide for F&^Oj ; and ferrous usidc tor FeO. 

Whoa oiiii and ic oxides of the mime element form acids by comhin- 
ing with water^ the aeidB are distin^aished by the same suilixeH — €. ^., 

SO, +H,0= H,S05 

Sulphurous oxide — Sulirhurous acid 



Stilphuric oxide 



+ H,0 = 



H,SO, 



— Sulphmric acid 



The Significance of the Prefixes Mono-, Sesqni-, 
and Sub-* 

The prefises mono- ami Hf^sqin- are sometimes joined to the name of 
the pnsitwe element^ ai^nifyincf the same p the suffixes ous and ic — e. g. ^ 

5lonoxidc of iron, FcX), and seajuioxide of iron, Fe^Oj. 

The prefix Huh is sometmies joined to the negative ek-nient to 
indtote tlie eom pound in which the posifwi' clement shows the lower 
valence — e. g.^ 

Buhoxide of copper, for cuprous oxide, CoaO. 

Nomenclature of Compounds in Four Proportions. 

When the fiame elements unite in fimr proportions the compounds 
are named by joining the prefixes pf^* and hjfjm^ to the name of the 
fi(mtim element for the name of nj/isf emtiphx and dmplt^ftt compounds, 
respect I vely^ and the suffixes m and mta for the intermediate ones in the 
ORier of complexity^-f^. ^7.^ 

Hypoclilomus oxide ^qv (\0, phospliorous oxide for I\Ogj nitric 
oxide for N»0^, and perchloric oxide for Ul^O^, 

The fji'im formed by combinations of h^fpf} and joer oxides with water 
are designated by the same suffixes — e. g, , 

01,0 \ H,,0 ^ 2HC10, hypochlorons neid, 

C1,0, -h H,0 - 2HC10,, perehloric acid. 

The «alM of these acids are named by adding t-o the name of the 
h'ftdmtj jtrfififivf atom or radical the prefixes ht/pa^ and p*^r in the case 
of hi/p^) and prr acidta^ respectivelv. and the suffixes ite and afr in the 
ease of ous and ic aeids, respectively— r. fj. ; 

HCIO + NaOn ^ Ufi -h NuClO, sodium hypochlorite ; 

HCIO, + NaOH - H^O + NaCVO^, m\\vm ^?tA.mM^\ 
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HCIO3 + NaOH = H2O -f NaClOs. sodium chlorate ; 
HCIO4 + NaOH = HjO -f NaClO*, sodium perchlorate. 

The Significance of the Prefixes Proto- and Per-. 

Occasionally, particularly in older works on chemistry, the suffixes 
-oius and -2c, -ite and -ate,, of the positive elements are replaced by the 
prefixes 2?roto- and per-^ joined to the nbgative element — e. g., 

Protochloride of iron for ferrous chloride (FeCl,) and perchloride of 
iron for ferric chloride (Fe^Cle). 

The Significance of the Term Anhydride. 

Anhydride applies to those oxides which unite with water to form 
acids — e. //., 

Sulphurous anhydride for SO2, phosphoric anhydride for P2O5. ete. 

QUESTIONS. 

What is the significance of the suffix -ide in chemical nomenclature ? 
What is meant by the prefixes mono-, di-, tri-, tetra-, penta-? 
What is the significance of the syllables -ous and -ic, -ite and -ate? 
Wliat is meant by the syllables per- and hypo-, proto- and per-? 
What is an anhydride ? 
Distinguish -ous from -ic acids. 

What is the difference between mono-, sesqul-, and sub- compounds? 
Discuss the names of compounds from elements uniting in four propor- 
tions, indicated by hypo- and per-, -ic and -ous. 
What are hypo- and per- acids ? 
What are hypo- and per-, -ite and -ate salts ? 



CHAPTER V. 

HYDROGEN AND COMPOUNDS OF HYDROGEN. 

HYDROGEN (vSop^ water ; yewdw, to generate). 

S.,» H; V.,1 1; A. W.,1 1. 

TTydroqen is the standard of atomic weight and valence. A liter of 
it at standard temperature and pressure (see page 28), weighs 0.0899 
^ram, which is the unit of weight for gases, called a crith. 

' For simplicity the following: nhhreviations will be used in connection with the 
description of elements and compounds : S. ^- symbol, V. — valence, A. W. = atomic 
n'o'iffht, M. F. — molecular formula, G. F. =^ graphic formula, M. W. = molecular 
ire/g-Jit. 
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ITi9Tf>RY.— Its name wm given by Lavoisier, because ita combustion 
foY\\i8 watnr. 

UdCL'ii HENCE. — Tent'^tnally bydrogen occurs chiefly as a constitaent 
of water, of all aeuls, of mont anitiKil and vegetable conipoiindsj and, in 
Hmall quantity, of tbo mixture of ^ases produced by organic decumpasi- 
ttoii, as in volcanic gases, natural ffiis, and tbe gases of the animal int^^s* 
tine, and cdestiaUy^ of the sun ana certain sUrs. 

Piim^AltATlON. — I. By electrolyaia of water (see page 5f*) ; 2, by 
deeoui position of water by metals; 3, of acids by metals; 4, of strong 
Njbitions of mjdium or potassium, hydroxide hy ainc or alunnnuuj. 

Water is decomposed by certain metals — e, 17*5 aodmiii or i>ota^imn, 
at ordinary tern perat ares, and by other metals, like irorij at red heat. 

iiinc or iron and dilute hydrochloric or Bulpburie acid are generally 
used to generate hydrogen. 

These reactions are respectively represented by the following equa- 
tions: 

1. HaO = 2H + O {Ekdrdym), 

o f K + H,0 = KOH + Ji, 



o f Zn + UaSO. = Z11SO4 + 2H, 
' \ Fo + 2Ha ^ FeCl^ + 2H, 



4 f Zn -h 2K0n = 
1 Al t- SNaOII 



K^nO, -f- 



2H, 



PiTTBiCAL Propertfes, — A tastelcfis, oi^lorless, and colorless gas ; the 
lightest of all known auljstances ; at a temperature of — 253" G, a eolor- 
Icsa liquid J and at about ^25(>'' 0. ( calculated) a solid. 

CHOncAL Pro PEHTIE!^.— Hydrogen bas great afiinity for oxygen, 
removing it from many oxides. When passed over red-hot oxide of 
iron or copper it combines with the oxygen into water and frees the 
metak-^fi g,^ 

Va\0 + 2H = Go + H3O, 

I>EOxrDATT0N or RETJtJCTiON IS tbe term applied to this process. 

Deoxidiztno or REUUcrNO agents have tnc power of removing oxy- 
gen frora certain of its compounds. 

Hydrogen bums in air or oxygen with a non -luminous colorless or 
pale-blue flame^ whose heat is greater tlian that of the combustion of 
an eq\ml WPiffht of any other substance. 

A mixture of hydrogen and oxj'^en. or ajr, when ignitedr explodes, 
formiuj?^ water, 11,^0. All air should therefore be expelled from tba 
hydrogen generate ir before i^mitini? the gas. 



THE COMPOtJNDS OF HYDBOGEN. 

The eomjMiunds of hydro;jen with other elements will be eci^avlssts^ 
under these elements to avoid repetlt-voT^. 
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QUESTIONS. 

Mention processes for obtaining pure hydrogen. 

Show by symbols the actions of sodium on water ; iron on sulphuric acid ; 
zinc on potassium hydroxide. 

What are the atomic weight and valence of hydrogen ? 

What is a crith ? 

How is hydrogen found in nature? 

What are the physical and chemical properties of hydrogen ? 

How many grams of zinc and sulphuric acid are required to form 50 grams 
of hydrogen? 



CHAPTER VI. 



OXYGEN, ALLOTROPIC FORMS OF OXYGEN, AND 
COMPOUNDS OF OXYGEN. 

OXYGEN (o^vc, acid; yewdw, to generate). 
S., O; v., 2; A. W., 16 (15.96). 

History. — Discovered independently by Scheele, of Sweden, in 
1773, and by Priestley, of England, in 1774. 

The name was devised by Lavoisier, who first recognized its nature. 

Occurrence. — Terrestrially^ in greater quantity than any other ele- 
ment ; it forms probably 46 per cent. , certainly 33 per cent, of the total 
weight of the earth. 

Table of the Quantitative Terrestrial Occurrence of Oxygen. 

The atmosphere = 20 per cent, free oxygen. 
Water = 88f per cent, combined oxygen. 

Sitir/i } = 30 «« ^ ^^ -"*•. '^^^^ «^«- 

Animal and vegetable life = varying quantities combined oxygen. 
Preparation.—]. By decomposing oxides, as of gold, silver, plati- 
num, or mercury by heat (see page 106) : 

HgO = ng + 0, 
Ag20-2Ag + 0. 

2. By heating potassium chlorate, forming potassium chloride and 
oxygen : 

2KCIO3 = KaO, + KCl + 20. 

This decomposition occurs at comparatively low temperature ; after its 
completion, with considerable rise of temperature the perchlorate 
decomposes : 

KClO^r^ KCl 4-40 
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If potassium chlorate be mixed with from 30 to 50 per cent, of 
manganese dioxide, its entire oxygen is obtained at lower temperature 
than by heating the chlorate alone. The quantity of manganese diox- 
ide is unchanged at the end, apparently having taken no active part in 
the decomposition. No satisfactory explanation of this has ever been 
given. 

3. By heating manganese dioxide to redness in an iron retort : 

3MnOj = Mns04 + 20; 

4. By heating a concentrated solution of calcium hypochlorite with a 
small quantity of a cobaltous salt : 

Ca(C10)2 = CaClj + 20. 

The following are important among many other methods of obtain- 
ing oxygen: 

5. By decomposing water by electricity ; 

6. By heating dichromates, nitrates, and barium dioxide ; 

7. By adding water to a mixture of potassium ferricyanide and 
barium dioxide, and by mixing potassium permanganate and hydrogen 
dioxide in the presence of dilute sulphuric acid. 

Physical I^roperties. — ^This colorless, odorless, and tasteless gas 
becomes a pale-blue liquid at — 140° C. and a pressure of 300 atmospheres, 
with a critical temperature of — 120° C. and boiling-point under ordinary 
pressure of — 180° C. ; is soluble in water about 3 volumes in 100. 

Chemical Properties. — Oxygen shows great affinity for other ele- 
ments combining directh/ with most metals and non-metals, indirectly, 
chiefly with chlorine, bismuth, iodine, gold, silver, and platinum, and 
not at all with fluorine only of the important elements. 

Oxidation is the act of combination of oxygen with other sub- 
stances and OXIDES its product. 

Combustion is oxidation or any other chemical action, generating 
sufficient heat to emit light. 

Slow combmtion is oxidation not accompanied by light, as in the 
human body. 

The intensity of heat in comhustion depends on its rapidity, hut the 
total quantity of heat is the same tvhether the comhustion he rapid or slow. 

Combustion requires that a combustible substance and a supporter 
of combustion (ordinarily oxygen) act chemically on each other. Under 
certain conditions oxygen may be the combustible substance — a reversal 
of its usual relations. 

The quantity of heat in oxidation is exactly equal to that required to 
decompose the substances formed— e. g. , the amount of heat evolved by 
combining mercury and oxygen into red oxide of mercury will be 
required to decompose it into mercury and oxygen. 

The heat of comJmsthn is a conversion of chemical into heat-enerffti. 

Substances having the power of uniting with others ate oa.v^'^ ^ 
doing chemical work, and possess c\\ciu\ca\ eivct^^. 
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The kindling-point is the temperature of commencing combustion, 
and varies with different substances, from ordinary temperature to white 
heat. 

The presence of free oxygen is not essential for oxidation, as certain 
oxygen compounds {oxidizing a^e/ite) readily give up their oxygen to 
substances having a greater affinity for it — e, g. , nitric acid, chromic acid, 
potassium permanganate, and potassium chlorate. 



ALLOTEOPIO FORMS OF OXTaEN. 

Ozone. 

0\ 



S., O3; M.W., 46; G.F., I \). 



Preparation. — 1. By passing non-luminous electric discharges 
through oxygen or atmospheric air; 2, by exposing to the air phos- 
phorus, partially covered with water; 3, during a number of other 
chemical decompositions. 

Physical Properties. — Ozone differs from oxygen in a peculiar 
odor, and stronger oxidizing power. 

Chemical Properties.— Its presence is recognized by its odor and 
its action on a piece of paper wet with solutions of potassium iodide and 
starch-paste. It liberates the iodine, which forms a dark-blue compound 
with the starch. Oxygen does not decompose potassium iodide. 

Three volumes of oxygen are condensed to two when converted into 
ozone. For this reason it is assumed that three molecules of oxygen 
form two of ozone, and that the ozone molecule contains three atoms, 
common oxj^gen, but two atoms in its molecule : 

COMPOUNDS OF OXYGEN. 
Water (Hydrogen Monoxide). 

M. F., H2O; M. W., 18; G. F.,H>0. 

Occurrence. — Terreatrialhi, this very important oxygen-compound 
is widely distributed, and in all of three states of aggregation, gaseorts 
in the atmosphere, liquid in the oceans, rivers, and other bodies, solid^ 
as ice, snow, and water of crystallization, liquid in animals and plants in 
hi^h percentage by weight — e. g.^ 70 per cent, of the human body, and 
T3 per cent of potatoes. 
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ClassificatioE of Water, 

For the oonvenienocB of defwrriptiiui, water may be considered a^ : 
L Nattmd water, »iii tabic for dumesti*^ and t'ommerciaJ purposes; 

2. Potable water, adapted for drinking by man ; 

3. Minend water. pudSCBsed of special medicinal value ; 

4. Distilled orjiure water, Buitable for ebtmieal labordtory wse ; and — 

5. Crj'staliiKation- water or water of crystallization ^ essential to tl;e 
process of crystallization in many aubstaneea, 

Natura.1 Water* 

I^EOrEETlES.— It [a ncYcr alisolutely pure^ but alwas^s contains fftues 
or soiitfa in solution, but is purest aa raiii-wtittT^ mlbxted after the air 
han Iffen i€ajihf:ii ffi/ an {mmmiaidt/ jtrrn'oiiii ahower. 

WateiT wlien partially frozen, leaves most of its impurities in the nn- 
congealed portion, theretore mclled iec tiiniislies a comparatively pure 
water, 

Tbe waters of springs, wells, and rtv^rsj differ widely in their dis- 
solved substances, taken up during their passage through atmosphere, 
soil, and rocks. 

Giises of Water. — These are o:cygen, nitrogen, and carlion dioxide, 
chiefly ftam the atmosphere. One hinnhrd n^hmtf^s of wnler disacilve 
two of nitrogen, mte of oxygen, and one of carbon dioxtde. 

Salifh of Witter, ~-1l\i^/q, are vmaUy sotliuni ebloride, calcium sul- 
phate, calcium carlionatc and bicarbonate^ fieeasimmUy potassium and 
maoiesium s^dts, and traces of iron salts and silica. 

Hard water contains 150 mg. per liter or more of calcium or mag- 
nesium bicarbonate or sulphate, will not dissolve soap, and conseciuently 
ia not useful for domt*stic purposes. 

Temporary/ htrdfa\'fs, due to bicarbo nates, is removed by boiling, 
which converts tbe bicarhinatcs into insoluble carl>cmatca. 

PiTrmif It'll f harthteas is due to the prci^cnee of sulphates, and is re* 
moved by adding sodium carbonate in excess. 

Potable Water, 

P^RrtPERTiES. — A good drinkiniT- water should have no odor, ©qlor, 
nor disagreeable taste. An absolutely pure water is not a good drinking- 
water, nor is one containing too much fore^ign matter, 

BTANnARIiH OF POTABlLITY,— //iflr^^*T»/c Coidaiuhafimi, — From tWO 
to four part,^ of inorganic s<:(lids, principally sodiunj cbloride and calcium 
carbonate, with HH) volumes of carbon dioxide in lOJNK) parts of water, 
will Ijo contained by a goo<l drinking-water^ although more tban the 
above solids is allowable. 

Orf/rrnir Contammatmi. — Organic, especially animal matterr is ohjec- 
tionablc in drink in t'-watcr. Living organisms (genuH), frequently derived 
frf>m decomposing animnl matter, and generally causing disease, render 
drinking-water dangerous. 
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Approximate Test for Organic Matter. — Add a small quantity 
of sulphuric acid and enough potassium permanganate to give the mixt- 
ure a distinct red color. On boiling the solution becomes decolorized if 
organic matter is present. 

Practical Disinfection and Purification. — By boiling actively 
and continuously for one hour and filtering through sand, charcoal, 
spongy iron, or some similar material, an unwholesome water may be 
made potable. The boiling destroys the germs and filtering removes the 
impurities. The material retained by the filter may become a source 
of pollution, if the same filter is used continuously. This may be 
avoided by heating the filter material to red-heat once a day. 

Chemical Examination of Water. — This is not always sufficient 
to determine its potability. 

Micro-organisms cannot always be detected by chemical, but can by 
bacteriological examination.^ 

Certain substances in sufficient quantity are indications of pollution, 
and chemical analysis to determine tneir presence or absence usually pre- 
cedes the bacteriological examination. 

While no fixed standard of chemical purity for drinking-uoater has 
been decided^ m^st authorities agree that tJie quantities mentioned below 
are the m,axima of admixture allowable in a liter of water. 

Total solids include those suspended and dissolved. 

Suspended solids occur in turbid water, and their quantity is deter- 
mined by passing a liter of water through a previously dried and weighed 
filter ; after drying again, the weight of the residue and filter are deter- 
mined, and the weight of the filter subtracted, leaving the weight of 
suspended solids. 

Allowed Total per Liter. — No definite quantity m.ay be staled. This 
dement of potability depends upon the other factors also present, and must 
be decided accordingly. 

Dissolved Solids. — Evaporate to dryness a liter of clear filtered water 
in a weighed platinum dish and dry the residue at 110° C. The weight 
of the residue is the quantity of dissolved solids. Allowed total: 600 
mg. per liter. 

Organic matter is determined approximately by boiling with a solu- 
tion of potassium permaniranate of known strength. Allowed total : 1 
liter of water should not decolorize 10 mg. of pure potassium permanga- 
nate when acidified with 5 cc. of sulphuric acid and boiled for ten 
minutes. 

The possibility of the water containing deoxidizing agents not organic 
must he considered in this test. 

Ammonia, free and albuminoid, are both evidence of organic pollu- 
tion. 

Free ammonia, is formed by the action of bacteria on nitrogenous 
organic matter, and is generally found in water as ammonium ear^nate. 

' For the detailed bacteriological examination of water consult the volume on 
Microscopy and Bacteriology. 
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AJhumhwid ammoma in formed by tlie oxidatioQ of nitrogenous 
orgiiniii matttir in wuter by potUK^iuui permanganate. 

Tt^tit.—'Xo dt:ternuue the c|TiaiJtrtiea oi' these substances present^ 500 
c.e, of water ath mixed witli ;') f.c- of saturated solution of sodium carbo- 
nate in a suitable fiaaki which is counected with a condenser, whoae out- 
let entera a receiver so as to prevent Iohs of ammonia. About 300 c.c. 
are distilled, Tlds distillate, containing all the tree ammonia^ is diluted 
to 61X) e^c. with distilled water, and then the Eolation Nesalerized (see 
below). 

The liquid remaining in the flask is mixed with 5 grams of jKjtaaiiium 
permanganate and 10 grams of potassium hydroxide dissolved in 50 c.c* 
of distilled water, and the mixture distiller! until 200 c.e. Lave paFsed 
over. The distillate is diluted to 50<) e,c, and Neaslerized. Jn makmg 
thf^t^ dutenninatiOiis it is necessarg tluit no amnivnlu ht present m Hitt 
at mm j dure in whwh the tcfwk is carrkd ouL 

A^t'jislti/ a Reageut. — Dissolve 5 grams of potassium iodide in hot water, 
and to thia add a hot solution of 2.5 grams of mercuric chloride in 
10 c.e. of water. To this turbid red mixture a solution of 16 grams of 
potassium hydroxide in 40 c.e. of distilled water is added, and then 
enough distilled water to make the entire volume RKJ c-c. On eooling, 
Boiiie crystals tif niereurie iodide deposit and the clear solution is decanted 
as needed, Tkia rmgeM gives a yellow to brown coior with dilute solu- 
tiOfis of ammonia J iwd the inteusit}/ of the color is a measure of the qitau' 
tili/ of amino nifj preAcuf. 

Stamhird Am numia Sohttifm . ^Tljis m made for comparison, contai n- 
inE 3,137 fTTiims of ammonium ehloride, corresponding to 1 mg. of 
NHg in a liter. Just before use, 5 c. c. of this solution are diluted to 
100 c.c, therefore 1 e.e, of the dilution contains 0.05 m.g. NHj. The 
test is made in cylinders of colorless glass of the same height and 
diameter (IM X 30 mm. ) marked at 50 c.c- In the first cylinder 0. 5 c.c. 
of the 8t4mdard ammonium chloride solution is placed, 1 ccj 1.5 c.c., 
2e.c,, in the second, third, and fourth cyhndcrs, respectively, and all are 
^ied to the mark with water, making the contents of the cylinders cot- 
respofid to water contaiuintr 0.5, 1, 1.5, and 2 mg. of NHj per hter; I 
50 c.c, of the suspei^te<l water are placed in a fifth c^linderT and to each 
of the five cylinders 1 c.c. oi" Ness'^ler's reagent is atided and well mixed 
with t!ic eontained solution* Bt; eom poring the nhod*^ of cuhr in the 
Jtfth ejflifider with that in the other n/Iinders^ containing knotcn quanti- 
iit^ (if arnmfmi^y that in the sttspecfta water is estimated — ^tost satiafao 
I iotilit^ if the aftindera are on white paper. 

AUowefl total of free and alhuminoid ammonia: 0.05 mg. and 0.1 
DJg, per liter, respectively. 

Nitnc acid is showu by the tests with bmcine, dipbenylamine, and 
p^vrogallie acMd (see chapter tm Nitrogen). Allowed total: 10 mg, of 
n It roff en pen tox i de (N.| 0^) per 1 1 1 er. 

NilrfinR acid is detemiinetl by using a solution of I cram cyC ^Et^K.'ir 
phenylenediamin in 200 e.e* of 2.5 per cetit. feviV^\i^<L '!3ji\^ l^^^^<^s^^ ' 
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process analogous to Nessler's test for ammonia. The solution gives 
with nitrites a yellow color, whose intensity serves for their quantitative 
estimation. 

Standurd Nitrate Solution. — This is made by dissolving 0.406 gram of 
silver nitrate and 0.225 gram of potassium chloride in hot water, cool- 
ing, and making up to 1 liter. After filtering, 100 c.c. of the solution 
are diluted to 1 liter, equivalent to a solution oi 10 mg. of N2O3 per liter. 

Test — ^This is made by using definite dilutions of the standard nitrate 
solution in four cylinders, and adding 1 c.c. of the metaphenylenc- 
diamin solution to each 50 c.c. of liquid and comparing the shades of 
color produced with that obtained by treating the suspected water with 
the same proportion of the reagent. 

Allowed total: 0.05 mg. of nitrogen trioxide (N2O3) per liter. 

Sulphates are determined by adding barium chloride in acid solution 
to from 100 to 250 c.c. of water. The precipitate is dried and weighed 
and the quantity of acid calculated from its weight. 

Allowed total : 60 to 80 mg. of sulphur trioxide (SO3) per liter. 

Chlorides may occur in considerable quantities from strata containing 
salt deposits, or from the sea-coast or salt lakes, without indicating 
pollution. 

Allowed total: When such a sottrce cannot be determined, more 
than 15 mg, of chlorine per liter shows unpotalnlity by contamination 
from cesspools, sewage, etc. 

Test. — ^The quantity of chlorine is determined by titration with 

^ AgNOs (see Volumetric Analysis), using potassium chromate as an 

indicator. 

Phosphates. — Soluble phosphates in water are almost positive proof 
of pollution with urine. 

Test. — Ammonium molybdate test (see chapter on Phosphorus). 

Mineral Waters. 

These are spring-waters containing enough of one or more substances 
to impart to them a peculiar taste, and usually medicinal properties. 

CiASSiFiCATiON OF MINERAL WATERS, according to their predomi- 
nating constituents : 

Acid, containing free mineral acids ; 

Alkaline, containing alkali bicarbonates ; 

Alum, containing alum ; 

Chalybeate, containing much iron carbonate or sulphate ; 

Bitter, containing much magnesium salts ; 

Effervescent, containing much free carbonic acid ; 

Hepatic or Sulphur, containing hydrogen sulphide. 

Distilled Water. 

Properties.— Properly obtained this is pure water. BVom 1000 
parts of ordinary water 700 of pure water may be obtained by distillation, 



HYDROGEN DIOXIDE. 95 

the first 100 parts of distillate containing the gases dissolved in the water 
should not be used, the next 700 distilled being pure, and the 200 parts 
undistilled containing the dissolved sohds. 

Physical and Chemical Properties.— Water is an inodorous, 
tasteless, transparent liquid, in thick layers of blue tint. It is perfectly 
neutral, but combines with both acid and basic substances. Mydroxules 
is the name of compounds often formed by the direct union of oxides 
with water — e. or., 

CaO + H20 = Ca(OH)2, 

Water is the common solvent. This power usually increases with its 
temperature, but there are many exceptions to this rule — c. g., the sol- 
vent power for gas increases tvith pressure and dimmution of temperature. 

Water of Crystallization. 

Water of crystallization is water taken up by many salts in crys- 
tallizing, combined without alteration of atomic arrangement, and easily 
expelled by heat, mostly at 100°-120° C. It has a great influence on 
crystalline form. 

Efflorescence. — Some substances on exposure to air lose their 
water of crystallization, and then their crystaUine form, falling to 
powder — i. c, effloresce. 

Deliquescence is the property of certain substances of attracting 
water from the air and gradually becoming liquid. 

Hygroscopic substances absorb water from the air and become damp. 

Hydrogen Dioxide (Hydrogen Peroxide). 

O— H 
M. F., H.A; M. W., 34; G. F., I 

0-H 

Hydrogen peroxide is another very important combination of hydro- 
gen and oxygen. 

Preparation.— As a dilute aqueous solution. 1. By the action of 
acids on certain metallic dioxides m the presence of water, barium or 
sodium dioxide, which yield a portion of their oxygen to the water : 

BaO^ -h H3PO, + H2O =: BaHPO, + Hp + HA- 

Considerable water is necessary for the decomposition. 

2. As 50 per cent, solution, by evaporation of this dilute solution at 
a temperature not exceeding 60° C. ; 

3. Pure by distilling the 60 per cent, solution in vacuo, passing over 
at Hr)° C. 

Physical Properties. —Pure hydrogen dioxide is a colorless^ ovVj 
liquid, Sp. G. 1.45, soluble in water, alcohol, 2ltvv5l ^\.\\^t. 
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Chemical Properties. — ^Decomposes slowly at the ordinary tem- 
|)crature, rapidly at 100° C, forming water and oxygen. A dilute solu- 
tion is more stable and may be boiled without decomposition, but is 
decomposed by exposure to light and by many inert substances in 
powder— c. g., fine metallic powders. All ferments decompose the solu- 
tion. The presence of traces of free acids or of such substances as 
boroglyceride makes the solution more stable. 

Tests. — 1. It decomposes by the addition of silver oxide into oxygen, 
water, and metallic silver : 

HA + Ag,0 = 20 + 2Ag + HjO. 

2. Added to a solution of potassium iodide containing some starch 
paste it gives a blue color, by forming iodized starch, by iodine liberated 
from the potassium iodide : 

HA + 2KI = 2I -h 2K0H. 

3. It decolorizes acidified solutions of potassium permanganate with 
the liberation of oxygen : 

5H A + 2KMnO^ + SHjjSO^ = lOO + KaSO* + 2MnS04 + SKfi. 

This reaction is used in the quantitative estimation of hydrogen diox- 
ide by volumetric solution of potassium permanganate. 

Therapeutic Properties. — With pus it causes eflervescence, due to 
the liberation of oxygen, which usually combines with the pus-elements, 
especially the bacteria. It is one of the most active antiseptics known, 
and damages the tissues to a relatively less degree than do the other 
common purely chemical antiseptics. 

Glycozone is a solution of hydrogen dioxide in glycerin. 

U. S. P. Standard Solution.— This contains 3 per cent by weight 
of pure dioxide, corresponding to about 10 volumes of available oxygen 
to 1 of solution, and, like the pure dioxide, has antiseptic, caustic, and 
bleaching properties, usually acting as an oxidizing agent 

QUESTIONS. 

When and by whom was oxygen discovered ? By whom was it so named, 
and why? 

Mention four methods hy which oxygen may he obtained. 
Why is manganese dioxide added to potassium chlorate in making oxygen? 
How much oxygen may he obtained from 61.2 grams of potassium chlorate ? 
State the physical and chemical properties of oxygen. 
What is combustion ? 

What is meant l)y combustible substances, and by supporters of combastion ? 
What is the kindling-point? 
What are oxides, oxidizing and reducing agents? 
What is ozone, and does it differ from oxygen ? How is it formed ? 
What is the composition of water in parts by weight and by volume? 
ffow may pure water be obtained? 
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What is hard water? 

What are the causes of temporary and permanent hardness? 

How may hardness of wat^ be overcome ? 

What are the characteristics of good drinking-water? 

How may pollution of water be detected by chemical analysis ? 

What are the characteristic constituents of the chief classes of mineral 
waters? 

What are the physical and chemical properties of water? 

What is water of crystallization ? 

What is meant by efflorescence, deliquescence, and hygroscopicity? 

Show by equation the formation of hydrogen dioxide from barium dioxide. 

State the chemical and physical properties of hydrogen dioxide. What is 
the strength of its U. S. P. solution ? 

Give three reactions for hydrogen dioxide. What is the nature of its clini- 
cal reaction? Why is it of very great clinical value? 



CHAPTER VII. 
NITROGEN AND COMPOUNDS OF NITROGEN. 

S., N; v., 3 or 5; A. W., 14. 

History. — ^Discovered by Rutherford in 1712, and named from the 
Greek wrpov, nitre, and yewdu^ to produce. 

Occurrence. — In nature, free in the atmosphere and combined as 
nitrates, ammonia, and in many organic substances. 

Preparation. — 1. In an impure condition, by burning phosphorus 
in air, confined in a bell-jar held over water: the phosphoric oxide 
formed is dissolved by the water, leaving the nitrogen in the jar. 

2. Pure nitrogen, by heating ammonium nitrate in a glass retort : 

NH^NOa 4- Heat -: 2H2O + 2N. 

Physical Properties. — Nitrogen is a colorless, tasteless, inodorous 
gas, sUghtly soluble in water. 

Chemical Properties. — It is neither combustible nor a supporter 
of combustion ; has very little affinity for other elements, docs not enter 
into direct combination with scarcely any other substance; not being a 
supporter of combustion can not sustain animal life, but is not poisonous 
in itself; is either trivalent or quintivalent; and at a tcmDerature of 
— 13° C. and a pressure of 280 atmospheres becomes a colorless liquid. 

The Atmosphere. 

Atmospheric air is a mixture of nitrogen with oxygen and several 
other gases, of which carbon dioxide, water vapox^*eia\\£LQ\vYd>..,\s>&s\^^>^> 
7— P. I. C. 
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argon, and helium are important. Small quantities of stilphar dioxide^ 
hytlrogea sulphide, nitrous acid| and hydrocarbons, as well as suspended 
solid particles of organle (ti-eiiuently bactc^ria) and inorganic materiak, 
are froiuently present. 

Arg"Oii and Helium, ekmeDte diacovered in 1894 and 1895, respec- 
tively ^ but previoUiily included in analysis of air as nitrogen, resemble 
nitrogen in showing little affinity for other elements. The atomic weigkt 
of argon is 40, and that of liehum 4. 

The AvEKuiGE Composition of Atmospheric Am by Volumjl 

Is^mie of ConstUut^it. VolumdrU- PiqpoHiow, M 

^_. I^itrogen * . . . . 77.16 fl 

■ Ojtyg^n . , WM ■ 

■ Argfm , . . . . , 0.80 ■ 

^M Oa.rbon dioxide * * • 0.(Mr ^ 

^H Aqueous Tapor ....... from 0.5 to 1,40 I 

^H Amtiiooia . , ........ trace h 

^P NitriG acid ..... * ■ « trace ■ 

^" Helium ......* trace ^ 

Oxygeriy nitrogen, carbon dioxide, and watery vapor are essential for 
animal and vegetable life. The qivuntity of carbon dioxide is mnsUtntlif 
increased by amfual respiratioit^ while utfM of oy^gmi is cofTempofidinfflif 
dijmnish&i sintidlaneoiisli/ ; this excels of carbon diojcide. is t<di€fi up by 
plants with a corresjiomiin^ liber at imi of oxygen. In this way the 
quantity of each constituent is balanced. 

DKW-POTNT.^The quantity of naoisture in the air increases as the 
temperature rises and diminishes as it falls. The t^jraperature at which 
air begins to deposit moisture, on cooling, is called the denhpotnL 

Analtsis of air is made as follows : 

Moisture apd Otrhon Diaa'de*— Two {J tubes, one containing dry 
calcium chloride and the other, pieces of potassium hydroxide, are 
weighed separately and joined together. Through the tubes a meas- 
ured quantity of air is passed and the tubes reweighed. The calcium 
chloride retains the moisture and the pota.ssiuni hydroxide the carbon 
dioxide, and the gain in weight of caeh tube shows their quantity. 

Ox^/gen* — A graduated glass jnr filled with air is inverted over a dish 
of mercury and a piece of phosphorus introduced, which comhincs with 
the oxygen present, and the consequent km of volume is the voluuie of 
oxygen present 

Nifroffm.^The difference between the sum of the foregoing constit* 
uent^ and the total quantity of air is usually taken as the quantity of 
nitrogen present. 

The oxygen in the atmosphere is free because all substances having 
affinity for it have combined witli it, and lefl this quantity fn cxces& 
Mt^gen occurs iree because of its slight affinity for other elemeotai* 
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Liquid Air. 

Preparation. ^By brin^'iug air in special apiiaratus to a tempera- 
ture of aWut — lUl^ V.y produced by allowing air compressed under 
20OO Ibe. to llio square iach to escape through a needle-point oritice. 
In thus OKpandiue, the air absorbs heat and lowepj tlie temperature iu 
its vicinity. By fliis low temperature another portion of eouiprcsscd air 
k cooled aud allowed to escape in a similar manner, producing more in- 
tense cold. The temperature thug fails by ytages to — 1111" C 

PnYSiGAii Properties. — This pale-blue substauee remains liquid 
in open y easels for a long timeT due to the intense cold ( — 'JOif C. ) of its 
evaporation. If evaporation is prevented^ it speedily becomes gufieoua, 
eaterting ^reat presbure on ity container. Liquid, nitrogen volatilities 
more rapidly than oxygen, therelbre a liquid eontaining 8U per cent, 
of oxygen may be obtained by allowing liquid air to evaporate. This 
hquideyen at its low temperature m a powerful suj^port-er of combustion. 

Bodies immersed in liquid air show many pliysical alterations caused 
by the low temperaturo ; many malleable and elastic aub^tanceS; like lead 
and rubber, become exceedingly brittle. Changes of color and other 
properties also take place. 



COMPOUNDS OF WITROGEH AND HYDROGEN 
Ammonia. 

M. F., NH3 ; M. W., 17 ; a, F,, Nf H. 

^H 

Occurrence. —Ammonia is formed in 7tntnre by decomposition of 
nitrogenous organic matter — r. (j. ^ meat, bhwd^ urine, elc^ 

Preparation.— 1. Bydestmctive distilktlon (aee page 30); 2. By 
treating ammonium salts with sodiam, potasaium, or calcium hydiroxide : 

2NH,C1 4- Ca(OH), =^CaCl, + 2H,0 + SNH,. 

3. In the manufaciure nf illuminatin^-gns by destructive distillation 
of eoab ammonia is formed from the nitroi^en of the efja! and absorbed 
in watcrT tlirini^^h which the gas ia passed. Tliis solution is the eom- 
merfMal Bounce of ammonia. 

]^ifTSiCAL Propertied.— Til is colorless ^as, of pnmrent odor and dis- 
ajrreeable taste^ hums in oxygen, forming water and nitrogen ; is soluble 
in water^ 70(J volumes to 1 at standard temperature and pressure ; lique* 
fies without Cf^lnr at — 4(f C, nnder 7 atmospheres pressure, and crya- 
taWhen at — Sl)^ f!. 

Chemtcal PRoppRTTESi. — Tt IB a stmn|f alkali, netitralizing acids and 
forming salts, and with water forms ammonium hydrojtide : 
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Pharmacop(EIAL Preparations. — Aqiia ammonice, water of am- 
monta, spirit of hart^ihom (U. S. P.), is a 10 per cent, by weight solu- 
tion in water, of a specific gravity of 0.96, and the odor, taste, and reac- 
tion characteristic of the gas. 

Aqua ammonice fortior, stronger water of ammonia (U. S. P.), 
specific gravity 0.90 contains 28 per cent. 



Hydrazine-diamine. 

M.F.,N2H,; M.W.,32; G. F., >N-N< • 

Occurrence and Properties. — ^This colorless gas, a liquid at ordi- 
nary temperatures and a crystalline solid at 0° C, is formed oy complex 
organic decomposition, combines with oxygen from the air into nitrogen 
and water, with acids into salts, with water into an hydroxide, and nas 
all of the characteristics of ammonia. 



Hydroxylamine. 

M. F., NHPH ; M. W., 33 ; G. F., ^N-OH. 

H 

Preparation. — ^By the action of nascent hydrogen on nitric acid : 
HNO3 + 6H = NH2OH + 2H2O. 

Properties.— Known only in solution ; with acids forms salts, which 
may be regarded as ammonium salts, with 1 atom of hydrogen replaced 
byhydroxyl: ^h.OH + HQ = NH30Ha 

Triazoic Acid (Hydrazoic Acid). 

M.F.,N3H; M.W.,43; G. F., H-N<(|^' 

Properties.— This colorless gas, of disagreeable odor, poisons when 
inhaled, producini? violent headache; is a strong acid, soluble in water, 
and forms insoluble compounds with silver and mercury. 

Preparation. — 1. From organic compounds; 2. By the action of 
Ditrofiren monoxide on the compound NELaNa, formed by the action of 
metaUic sodium on ammonia : 
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NH, + Na = NHjNa + H. 
NH^a + N,0 = NaNs + HjO. 

2Na — N^ll + HjSO, = Na,SO, + 2HN< 






COMPOUNDS OF NITROGEN AND OXYGEN. 
Oxides of Nitrogen. 

Nitrogen fonnsj^vc oxides: 
Nitrogen monoxide, 



Nitrogen dioxide, 
Nitrogen trioxide, 
Nitrogen tetraoxide, 

Nitrogen pentoxide, 



NaO = N — O — N. 
NA^ 0=:N — N = 0. 
NA-- = N-0 — N=:0. 



Structure. — ^This is shown by the foregoing graphic formulas, in 
which the valence of nitrogen is either 1, 3, or 5. 

Acids of Nitrogen. 

Preparation. — ^The first, third, and fifth oxides with water form 
acids : 

1. Hyponitrous acid, 

N — O — N-fH — O — H=:2(N — OH) = HNO. 

2. Nitrous acid, 

= N — O — N = + H — O — Hr--2(0 = N — OH) = HNO,. 

3. Nitric acid, 

^N — O — N<^ +H — O— H = 2( ^N — OH^HNOg. 

Properties. — Each acid, conta,ining one atom of hydrogen replace- 
able by metals, is monobasic. Their salts are hypomtrites^ nitxiif^^^^is^ 
nitrates. At a high temperature the mo\ee\A^a o^ \vv\xQ%<b\!L ^^cii^^ "sss^ 



102 NITROGEN AND COMPOUNDS OF NITBOQEN. 

tetraoxide dissociate into NO and NO2, unsaturated compounds. The 
terms nitrogen dioxide and tetraoxide are applied to them as well as 
to the saturated molecules. 

Nitrogen Monoxide (Nitrous Oxide, Laughing Oas). 

M.F.,N20; M.W.,44; G.F.,N — 0-N. 

Physical Properties. — It is a sweet, colorless, odorless gas, sup- 

Sorts combustion, is soluble in equal volumes of cold water, and con- 
enses into a colorless liquid under pressure of a 50 atmospheres. After 
inhalation in ascending quantities it produces exhilaration, and mtoxica- 
tion [''''laughing gas '), then anaesthesia, (suitable for minor opera- 
tions), and finally asphyxiation. 

Preparation. — By heating pure ammonium nitrate : 

NH^NOs -h Heat = 2Hj,0 -f- N,0. 

The ammonium nitrate must he pure. Chlorides are espedaUy objec- 
tionahle as impurities because gaseous compounds of chlorine and ooMes 
of nitrogen may he formed. 

The gas should be passed through two wash bottles, one of which 
contains NaOH, and the other FeS04 solution, in order to remove 
impurities. 

Nitrogen Dioxide. 

M.F.,NA; M.W.,60; G. F., = N — N = 0. 

Properties and Preparation. — This colorless gas has a suffocat- 
ing odor ; is formed by the action of nitric acid on metals or reducing 
agents ; combines with one or two atoms of oxygen into nitrogen tetra- 
oxide : 

2HNO3 + 6H = 4H2O + ^fi^ 



Nitrogen Tetraoxide. 



■,>-Nr° 



M. F., NA; M. W., 92 or 46; G. F., ^N-N^ 

Formed as a red gas by absorption of oxygen when nitrogen dioxide 
is exposed to air. Red fumes are therefore observed whenever nitric 
acid acts on an oxidizing agent. 

Nitrogen Trioxide. 

M.F.,NA; M.W.,76; G. F., = N-0-N = 0. 

Properties. — ^This dark-blue liquid deconrposes at — 21® C. into NO 
and NOj, and with water forms nitrous acid, HNO2. 




I 
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Nitrous Acid* 

M. F., UNO,; M. W., 47; G. F.,0"N-Ott 

The acid is n^t known free ; the nitrites, its salts, are us^ extea- 
slYely aa reagents, and for other i)urposes. 

Analytical Reactions of tlie Nitrites* 

1. Grive red fumes of NtX with siilf>haric acid ; 

2. Deeolorize solutions of KM N0+; 

3* Oive a hlue tiolor with pot^assiom iodide and starch -paste j due to 
lihemted iodine acting on the starch ; 

4, Give a yellow to brown color with solution of meta-pbenylene- 
diamine and gulphturio aeid (see Water Analysis). 

Nitrogen Fentoxide. 

M, F., NA; M. W., 108 ; a. F., ^N— O— nC - 

O ^O 

PEOPKRTiiiis, — This white crystalUne mass is easily decomposed by 
water into nitric acid. 

Nitric Acid (Hydric Nitrate, Aqua Portis). 

M.F.^HNO^; M, W., 63; 0. F,/ )5N-0-H. 

O' 

YARJwnm.—Nitri€ Acid, XJ. S, P., 8p. G. 1414, contains 6S per 
cent, nitric acid in water. 

Dilittf Nitnc Acid, U. S. P., Sp. G. 1057, contains 10 per cent 
nitric acid in water 

Fuminf! or (hmmercifd Nifnc Actd, Sp* G, from 1450 to 1560^ is a 
brown liquid emitting fumes of NO^, to which it owes its colon 

OccuRRK?«CE.^In nature, by the decomposition of nitrogenoua 
organic matter, whose nitro^ren is oxidized and unites with bases into 
nitrates : thus natural nitre-beds, as that in ChileH, of sodium nitrate 
{CJdh mlt-petre) occor. 

Peepa RATION. ^By the decomposition of Chile salt-petre by sul- 
phuric acid: 

NaNO, + H^SC\ = NalTSO* + HNO^. 

These proportions are used because of the greater solubility of sodium 
acid sulphate over iiodium sulphate and the greater tacility in. ckwj&vMi, 
the vessek 
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Physical Properties.— This faintly yellow, fuming, corrosiye 
liquid, with a suffocating odor, and a strong acid reaction, changes its 
color to yellow or yellowish red in sun-light by partial decomposition 
into nitrogen tetraoxide, water, and oxygen. 

Chemical Properties.— A strong oxidizing agent j volatilized by 
heat ; turns vegetable and animal matter yellow, destroymg the tissue. 

Its salts are all soluble in water. In combining with metals, like cop- 
per and silver, red fumes of NOa are evolved, explicable in two ways : 

1. The metal replaces the hydrogen of the acid directly, and the 
nascent hydrogen, a strong reducing agents decomposes more nitric acid, 
a strong oxidizing agent y forming water and nitrogen dioxide — L c, 

Ag + HNOs^AgNOj+H; 

HNOj + 3H = 2H2O -f NO. 

2. The nitric acid, by its strong oxidizing power, converts the metal 
into its oxide, and the oxide then unites with the acid to form the 

' * ' 3Cu + 2HNO3 ^ 3CuO + H2O + N A ; 

CuO + 2HNO3 = Cu(NO,)a + HjO. 

Oxygen-absorption by N^Oa and its effects have been explained. 
ToxicoLOCJY. — Nitric acid is a violent corrosive poison. 
Chemical Antidotes.— Dilute alkalies, as solution of sodium car- 
bonate, mixture of magnesia and water, and milk of lime. 

Analytical Characters of Nitric Acid and the Nitrates. 

1. Nitric acid, or nitrates and srdphuric add heated with copper 
filings evolve red fumes of NO2. 

2. Nitric acid changes the color of indigo to yeUow; nitrates and sul- 
phuric acid, heated^ produce this change, but not in the cold, 

3. When a dilute nitrate-solution is mixed in a test-tube with a few 
drops of a sohition of 1 part of hriicine in 300 of 5 per cent. H,S04, 
and then snlphnric acid is poured down the side of the tube so that the 
liquids form two layers, a red color, fading to yeUow, develops at the 
contact-line. This test shows one part of nitric acid in one miuum parts 
of water. 

4. When diphenylamine replaces the brucine in reaction 3, a blue 
color develops. 

5. When pyrogallic acid replaces the brucine. a brown color is pro- 
duced. 

The diphenylamine test shmos one part of nitric acid in three million^ 
and pj/rogallic acid shows one in ten million parts of water. The 
rea^fi/fts themselves must be free from nitrates. 



CARBON AND COMPOUNDS OF CARBON 105 

QUESTIONS. 

Give the yalence, atomic weight, and history of the discovery of nitrogen. 

How may pure nitrogen be obtained ? 

How much nitrogen may be obtained from 100 lbs. of pure ammonium ni- 
trite? 

State the physical and chemical properties of nitrogen, argon, and helium. 

State the composition of atmospheric air. 

What constituents are necessary for animal and vegetable life, and how 
may their quantities be determined in air? 

What is the dew-point? 

What is the composition of ammonia, how is it formed, and what are its 
properties? 

What are ammonium hydroxide, aqua ammonia, and stronger water of 
ammonia ? 

Give the composition and properties of hydrazine, hydroxylamine, and tri- 
azoic acid. 

How many oxides of nitrogen are known, which form acids, and what is 
the valence of nitrogen in each ? 

What compounds are included in the terms nitrogen dioxide and tetra- 
oxide ? 

What is meant by dissociation ? 

How is nitrogen monoxide made, and what are its properties ? 

How much pure ammonium nitrate will be required to make 132 lbs. of 
laughing-gas? 

What change takes place when nitrogen dioxide is exposed to air? 

Give tests for nitrites. 

What is the composition of nitric acid, how is it made, and what are its 
properties ? 

How are nitrates formed in nature ? 

What is the strength of common nitric acid, and of dilute nitric acid ? 

What is fuming nitric acid ? 

What substance is constantly formed when nitric acid acts as an oxidizing 
agent ? 

Give tests for nitric acid and nitrates. 

What chemical antidotes are to be used in nitric acid poisoning? 

How much nitric acid may be obtained from 100 lbs. of Chile salt-petre? 



CHAPTER VIII. 



CARBON, ALLOTROPIC FORMS OF CARBON, AND 
COMPOUNDS OF CARBON. 

CABBON. 

S.,C; V.,C,»^ A.W.,12. 

Occurrence. — ComJnned in all organic matter, carbonates of metals, 
and carbon dioxide of the air, free and crj/stalJized in diamond ana 
graphite, amorphauj! and impure in lampblack^ clv«ct<itt«\^ ^\fc. 
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ALLOTROFIC FORMS OF CiLBBON. 

L Diamond is pure carbon, in colorlcBs crystals, the hardest of 
known aubatantjes, resis^ta the action of reagenf b, when heated in the 
oxyhydrogen blowpipe burns, forming carbon dioxide. 

2, Graphite crystallizes in six-sided prisms, of dark-gray color, soft, 
and greasy to the touch , leaves a black mark on wlute BurlaceSj resists 
hoat and reagents like diamond, is used as a lubricator, for making 
stoye-poliah, leatl-peneib, and, mixed with clay, crucibles, etc. 

3. Amorphous carbon is a black solid whose hardnese and other 
properties depend on its source* It is obtain^ed by incomplete eombue- 
tion of oT^^anic matter, used as furfl, black pig^nietit (printers" ink), and 
as an ai^orbent of gases and other forms of matter, as in filters. 

pHYBrcAr-. PErJPERTiics.^^All forms of carbon are insoluble in ordi- 
naiy solvents; in small quantity it may be dissolved in molten iron; on 
cooling most of it si^parates as graphite, and on cooling under pressure 
small crystals resemoling dianionds are deposited. At a very high 
temperature (electric furnace) carbon becomes soft, and in small quan- 
tity is volatilizeii. 

Chemical Propehtiks. — It has slight affinity for metals and oxygen 
at ordinary temperatures ; at a very high temperature combines with 
many metals into carbides, and at red heat becomes a vigorous reducing 
agent, removing oxygen from oxidizing agents, or combining with free 
oxygen, usually mdirectly. 
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Carbon Dioxide (Carbonic Anhydride). 

M. P., CO3 ■ M. W,, 44 ; G. F,, C4 . 

I^raiCAL PRDpERTriGS.— This colorless, odorle^ eas, of acid taste 
is heavier tban air (Sp. G. L524) ; lirpiefies witliout color iinder a press- 
ure of Z^ atmospheres at 0° C. , at — V^^ C. forms white ci^^Ktals ; is 
8<:>luble in its own volume of water at ordinary^ tennjeraliiresT and pro- 
gressively soluble one volume for each atrauaphere of increased pressure. 

Soda water is its solution under about in atmospheres. 

Chemical Properties,— Carbon dioxide is not oombustiblc and 
extinguishes flames; 10 per cent, by i/olume of it will fiilly cheek eom- 
bustion. Although carbon dioxide is not poisonous through the stomach, 
itfluflfoeat.es. 

OccmRKNCE. — It occurs in nature in the air^ spring- waters, and as 
carbonates^ constantly forms during combust ion of carbon compounds, 
organic decay » fermentation and putrefaction, and animal Ufe-proc€Sses^ 
bein^ excreted by the lungs, skin, etc. 

Preparation. — By the decomposition of carbonates by heat or acids: 
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CaC03 = CaOH-C03j 
OftOOg + HjSO* =^CaSO* + H,0 + CO-, 

Carbonic Acid* 

^■ 

PeepabaTION, — By the combination of carbon dioxide and water^— 
COj + H51O = H3CO3 

Properties.— Tills very weak dibasic acid fonns salts (carbonates), 
a][ of which are insoluble except the alkali carbonai^a I le iic^d cannot 
be obtained pure, but only in dilute aolntions, as in natural waiem. 

Tests for Carbonic Acid, Carbonates, and Carbon Dioxide, 

1. Pass carbon dioxide through lime-water ; a turbidity results by the 
formation of calcium carbonate, but, on continuing, pai^aes away by the 
formation of aoluble cakiuni bicarbonate, Ofi boding, carbon dioxide 
escapes and the turbidity return a. 

2. Add to a carbonate any acid, collect the gas evolved and e^amme 
as above, ^ , 

3. The addition of a solution of an alkaline carbonate precipitatea 
solutions of other metals. 

Carbon Monoxide (CarboniG Oxide). 

M. F., 00 ; M, W,, 28 ; Q, F., CziO. 

Propertied. — This colorless, odorless, tasteless, neutral ^aa bums 
with the y ale-blue flame trcnuently seen playinje over a ooal fire, form- 
ing COi, IS veo^ puisonons If inhaled, forming carbon -monoxide -haemo- 
globin, which prevents the absorption of oxygen by the blood. 

Preparation. — 1 . By paesmg carbon dioxide over red-hot ooal ', 2. 
By decompoi^ition of oxalic acid by sulphuric acid ; 3. By passinfr st^am 
over red-hot coal (carbon), as in the manufacture of lofjter gas^ whitih is 
iiseil fur heating, and after it has been mixed with hydrocarbons for 
illumination. 



COMPOUNDS OF CAEEON, HTDEOGEN, AND mTEOaEN. 

These wUl be consideiied under Organic Chemistry. 

Combustion and Its Prodnets, 

CiTE^ncAij Basts. — Flam^ is vapor underiroinj? comhuation, which 
usually forma gases : hydwgen^ carbon nioftaxide^ Tmlfuvue, ^xvi^ <jXiwirft&, 



108 



CARBON AND COMPOUNDS OF CARBON. 



Pia 18. 



Methaitt and ethane are the compounds of tiarljou and hydrogen, CH^ 
and 0,1 H4, genenit^^J dui-mg organic combustion or by destntclive diatil' 
lalLtm and then burned. 

In a buruing candle the fafc is decomptjsed hy the heat of the flame 
into I he gajses, which burn until all of the fat and gases beeanie carbon 
dioxide and water. 

Tlie Ordinary Flame— CiiEAtiCAix Parts.— TAr^^; L The dark 
innermost portion uf volatilizejl combustible matter : 2, A surrounding 

himinouB eoue ; 3. An outermost almost non-lumjnoU!>$ 

cone, having the highest temperature of the flame. A 

cold surface held in the midiUe cone will be coYcred by 

a carbon- deposit (soot). 

Explanation of the 'rHREE Cones.— The affinity 

of hydrogen for 03:y"en is greater than that of earbon, 

and in the outer colorless envelope sufficient oxygen ia 

supplied by the air for complete combustion of tbe gases. 

Only a limited quantity of oxygen penetrateti the outer 

envelope, and this is taken up ).>y tlie hj^dro^en of the 

hydrocarbons. The liberated carbon is heated jn tensely 

in the burning hydrogen and gives the luminoiity to the 

flame. On reach i iig t h e ou t er 

cone the carbon finds sufficient 

oxygen for complete eomhus- 

ti on. If sufficien t ai r be m i xed 

with the gas l)efore ignition 

or be forcibly driven into the 

flame^ no deposit of carbon 

occult, and the lEuminating 

power almost disappears, but 

a more intense heat is gener* 

ated. 

The Bnnsen burner, the blow-pipei and the blast furnace are 
constructed on the above principle to furnish intense heat to the flame. 

Pj.AME OF TFTE BT-OW-FfPE (Fig. U1) is pccnliaT, havinf: two long 
pointed cones, the outer yellowish and the inner blue. Tlie space 
between these cones is filled with highly heated eombustiblc material 
of stronfT reducing properties^ and called tbe reducivg fiame. The highly 
heated air just beyond the tip of the outer cone ia called the (mdmng 
flame. 

BrAfiT-FfTRNACE FLAftfR. — Til blast fttmace is mechanteally so eou- 
Btrueted that air is rapidly introduced into the burning ma.*^, thus in* 
creasing the rate of consumption of the fuel and raiBing the heat to an 
intense degree. The structure of tbe blast-fiimace flame resembles that 
of tlie blow- pipe* 

OXTTTYDROGEN FT-.A^rK IB formed by burning hydrogen in pure oicy- 
gen^ and hns nn extremely bigb tcTOfiemtiirej and is solid, combuBtion 
ocearrtng mmult^nmx^\y throughout it 




Structure of 
flame. (Simon ) 
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QUESTIONS. 

How is carbon found in nature, and what are the properties of its allotropic 
modifications? 

State composition, occurrence in nature, mode of manufacture, and proper- 
ties of carbon dioxide. 

What is carbon monoxide, how is it formed, and what are its properties? 

State composition, properties, and tests for carbonic acid. 

What is meant by flame? 

What gases are generated during the combustion of ordinary organic 
matter? 

Describe the structure of a flame, and give reasons for this structure. 

What is the principle of the construction of a Bunsen burner? 

What is the oxy hydrogen flame ? 



CHAPTER IX. 
BORON AND SILICON, AND THEIR COMPOUNDS. 

BORON. 

S.,B; v., 3; A. W., 10.9. 

Occurrence. — In nature in small quantities as boric acid or borax 
(sodium borate) in certain lakes in Italy, in Nevada, and in California. 

Preparation.— 1 . As amorphous greenish-brown powder , by decom- 
posing borax trioxide with sodium. 

2. As crystals, by heating the amorphous powder with aluminum. 

Chemical Properties. — Boron combines with many non-metals 
— €. g,, chlorine as BCI3, fluorine as BFI3, and hydrogen as BH, ; directly 
with nitrogen at a high temperature, as nitrogen boride BN. 

COMPOUNDS OF BORON. 
Borax (Sodium Borate, Sodium Biborate). 

yONa 

M.F.,Na2BA.10H2O; M.W., 381.6; G. F., BA\ 

ONa 

Occurrence, Preparation.— This sodium salt of triboric acid is 
formed in nature, and by recrystallizing is refined, containing then ten 
molecules of water of crystallization. 

Physical Properties. — It is colorless, sh>htly efflorescent, soluble 
in water and in an equal weight of gb^erin at 80° C, insoluble in alcohol. 

Chemical Properties. — ^By heat borax is fused to a colorless lioi^vd 
which cools to a transparent mass [horajx. gfowsV ^vysafc^Xsore^T^^^oiwcL^ 
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with certain metiillic cixides ay double bomtea, with characteristic colors. 
It is therefore used in blow- pipe analysis and tbe manufacture of colored 
glasses and enamels. 

Boric Acid (Boracic Acid). 

M. P., H,BOj; M. W.. 61.9 ; Q. T., K^ OH. 

OH 

OccuaRE?fCK.^Tn small quantities in nature in the pure state. 
Preparation.— By adding hydrochloric acid to hot eoacentrated 
solutioa of borax ; boric acid separates on tooling i 

NajB/)^ H 2HC1 + bllji) = 4n:fii\ -f- 2NaCh 

Properties.— This weak acid is a white crystalline substance, spar- 
ingly soluble in alcohol and water. 

Chemical Propertieb. —By heat it becomes successively metiiboric 
acid (HBO^)^ tetraboric acid {H34O7), and finally at white heat boron 
tri oxide (BaOj), Bono auid and borax ai'e used as antiseptics and pnj- 
servatives. 

Qualitative Analysis for Boric Acid and the Borates. 

1. A concentrated neutral solution of a bo rat* form^ a white pre* 
cipitate when added to a neutral solution of a calcium, barium^ or silver 
salt. Tlie precipitate formed will be calcium, barium, or silver borate. 

2. Borax or boric licid solution turns turmeric paper brown. 

3. A mixture of a borate^ sulphuric acid, and alcohol bums witli a 
flame having a mantle of green color. _ 

4. Borax fused on a loop of platinum wire forms a colorless bead! 
(bm^nx head) which when moistened with sulphuric acid M)lors the fla 
of the Eunsen burner green, 

SILICON. 

S., Si; Y,,4; A. W., 28.3. 

OcCTTRRENCE. — In large quantity as nilicoti dioxidf {sih'ca), 80^, in 
sand J rocks^ crystal!^, quartz, and sandstones, and as 8iiiaite^ in rocks, im 
granite^ alate, mica, etc.; in small ipiantitiea in spring- waters^ derived 
from the Boil, and in animal and vegetable matter. 

Ftiai'ERTtES, — ^Silicon resembles carbon, is quadrivalent^ amorphous, 
and dimorphous. 

COMPOUNDS or SIUCON. 
Silicon Hydride.— 

M^FMSill,; M.W,, 32.3; &. F., Ki<5- 
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SOicoa CMoride,^ 



/S 



zmC^GI 



US., p., SiCJ,; M, W., 160.9 ; a. P., Si<^- 
Silicon Plnoride*— 



M 

Fl 



M. F., SiFl,; M, W., 104.3; a F-, Si<pj 

All are gases, formed by direct combiDatioiij except SiCli, which la 
a liqukL and SiHt, which is formed by e)ectrol>w of ^aCl, with alumi- 
num and silicon electrode^i, 

iSilicon forms t\va acids^-i1 e. j 

Norinal silicic acid^ 



/ 



OH 

on 



M. r., H,BiO, J M, W., 06,3 ; G. P-. Si<^|J 



Ordinary ailicic acid, 



78,3 



'UH 

/OH 
(J, F,, SiC< . 

X)ir 



Tlie latter decomposes by heat into wnter and silicon dioxide* 

Silicates usually are complex salts of acids formed by the condensa- 
tion of two or more molecules of normal silicic acid^ with removal of one 
or more molecules of water. They are insoluble in ordinary solvents, in 
analvjjjs the^ are decouipoiicd and rendered soluble by the action of hy- 
drorfuorie acid, and converted into silicon fluoride, fiiFli. Water decom- 
poses this compound, forming silicic acid and hydrofluosilicic acid — i e^ : 

SSiF* + SHjO = HjBiOj + SH^SiFB. 

Silicon Carbide {Carbonmdnm, Carbon Silicide). — 
M, F., m: ; M. w., 40.:^ ; a. p., si c. 

PROPERTtms. — A beautifuh dark-green crystalUne material^ of hard- 
es second to the diamond, used as a ixilishing agcnU 
PRKFARATION.— By heating sand (SiOJ and carbon with sodium 
ebloride in an electric furnace to 3500^ C. , when the carbon combines 
witii both constituents of the sand: 

SiO^ + 3C =^ 2CO + SiC, 

GlaBir is a intjcture of several silicates, chiefly of sodiumj calciumf 
and lead, with an excess of silica. 

Colored gmss is fortned by fusing certain metallic otides with 
these silicntes™^. g.^ i'ohfiU ptodnoes a hlne color ; manganese, an am^ 
ihpst ; ferric oa:irfe, a hrmmtish-^dioio glas&. 
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Soluble glass is a mixture of alkaline silicates, with an excess of 
alkaline hydroxide, obtained by fusing silica with an excess of alkaline 
carbonates or hydroxide. 

QUESTIONS. 

State symbols aud valence of boron and silicon. 

How does boron occur in nature, and how may the element be obtained 
from its compounds ? 

What peculiar property is shown by boron with regard to nitrogen ? 

State composition and properties of borax. 

How is boric acid manufactured, and what are its properties? 

Give tests for borates. 

How does silicon occur in nature, and how does the element resemble 
carbon ? 

What acids are formed by silicon ? 

How does hydrofluoric acid act on silicates ? 

State composition, mode of manufacture, and properties of carborundum. 

What is glass ? Colored glass ? Soluble glass ? 



CHAPTER X. 



SULPHUR (SELENIUM AND TELLURIUM). 

S.,S; v., 2,4, or 6; A. W., 32. 

Occurrence. — In nature, //-ee, in volcanic districts, as Sicily, com- 
bined as sulphates, chiefly gypsum (CaS04.2H20), also as sulphides, in 
pyrites (FeSg), cinnabar (HgS), galena (PbS), etc. : in small quantity 
m animal and vegetable matter, and as hydrogen sulphide in spring- 
waters. 

Physical Properties. — This yellow, brittle, odorless, tasteless 
solid is soluble in benzene, ether, chloroform, carbon disulphide, essen- 
tial and fat-oils, insoluble in water and alcohol, melts at 115 C. to a thin 
liquid, on further heating gradually thickens, until at 200° C. it scarcely 
flows, above this point gradually thins again, and boils at about 440° C. 

Chemical Properties. — Sulphur resembles oxygen, supports com- 
bustion in the gaseous state, and forms many analogous compounds — 
6. ^., H^S, H,0 ; CS2 and CO^. 

VARIETIES OF SULPHUR AND THEIR PREPARATION. 

Onide sidphur. 'By heating native sulphur, and separating the melted 
sulphur from the impurities. 

StihUmed sulphur (flowers of sulphur), U. S. P. By subliming crude 
sulphur in suitable apparatus. 

Roll sulphur is suDlimed sulphur melted and poured into moulda 
Rubbed with hair or wool it generates negative electricity. 



r COMPOUNDS OF SULPHUR AND HYDROGEN. 113 

Wtushtxl sidphnr {»iilphttr htum)^ U. S. P. By washing aublimed 
sulphur witli dilute ammunia, and then water to remove acid impuritiea 
formed duriu^^ ili<i sublimatioti and to free it ft'oui arsenic* 

Frecipitatt^d mlpfmr [milk of sulphtir)^ U. S. P. By bodin^^ 1 part 
of calcium hydroxide , 2 parts of sul^yhur, and 30 part^ of water, filterings 
atkling liydrocbloric acid to tbe tdtrate^ and wuahing and drying tue 
precipitati. 

ALLOTEOPIC FOEMS OF SULPHUIt- 

^ Amorphous Sulphur. 

This is a plastic mass obtained by pouring boiling sulphur into cold 
water. 

I Polymorphous Sulphur* 

From solution in carbon disulphide, sulphur crystallizes into oeta- 
hcdra, its natural crystal j wlien melted and cooled, into six-sided priams. 

r QualitatiYe Analysis for Sulphur. 

Hepar Test. — This is appUmhh in snlphnr m m^f comhifiafiotu 
A inixture of the susi>ected material with potassium cyanide and swlium 
carbonate is I'used on charcoal in a blow- pipe flame, placed on a clean 
surface of silver^ and moistened with hydrochloric aeid. A black stain 
forms when sulpliur is present, 

^ COMPOUOTJS OF SXJIiPHUR AND HTDEOGEN. 

Hydrogen Sulphide (Hydrosulphuric Acid, Sulphm- 
I retted Hydrogen). 

^^ IT 

■■ M. P., H,S ; M, W., S4 ; G. F,, ;S. 

■?r H 

Petfsical PaopBETiEst* — This colorless gas, of disagreeable odor and 
tuste^ and directly poisonous when inhaled, m soluble in wnter (three vol- 
umes to one), forming? a feebly acid solution, whiidi m used as a reagent 

Chemical Properties, — The ^^as burns with a blue flame, forming 
sulphur dioxide and water. Forms insoluble compounds with heavy 
metals. 

OccirRRENOE, — In nature, by putrefaction of animal and vegetable 
matter, and in certain mineral wateis. 

\ Peeparatton,^ — By the deeom position of ferrous sulphide by ddute 
Bulphuric acid^, e.^ 

L S— P. I, C. 
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Uses. — As a reagent in analytical chemistry. Its value depends on 
the insoluble compounds of suphur with many metals, many having 
characteristic color. 

COMPOUNDS OF SULPHUR AND OXYGEN. 
Oxides of Sulphur. 

1. Sulphur dioxide (sulphurous anhydride). 

2. Sulphur sesquioxide : 

S--(X 
M. F./ SA; M. W., 112; G. F., I >0. 

3. Sulphur trioxide (sulphuric anhydride). 

4. Persulphuric anhydride ; 

M. F., SaO, ; M. W., 176 ; G. F., not determined. 
The first and third only are important. 

Acids of Sulphur. 

Eleven are known (some only as constituents of salts) : 

Common Name. M. F. M. W. G. F. 

A 
1. Hydrosulphuric acid HjjS 34 S\. 






yOH 

2. Hyposulphurous acid HjSOa 66 S\ 

X)H 

3. Sulphurous acid H-SOo 82 0=^\ 

X)H 

4. Sulphuric acid H^SO^ 98 ^S<; • 

or ^OH 

ySH 

5. Thiosulphuric acid H^SA 114 SO^v 

/OR 

6. Pyrosulphuric acid HjSA 178 S0sS0j< 

* The M. F., M. W., and G. F. of compounds are given in these lists only when 
tAejr are not subsequently described in tne text. 
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Common Name. M. F. M. W. G. F. 

7. Peraulphuric acid H^fi^ 1^ 



8. Dithionic acid H-AOe 1^2 



9. Trithionic acid H^SsOg 194 V Not determined. 



10. Tetrathionic acid H2S A 226 



11 Pentathionic acid HaSgOg 258 



Sulphur Dioxide (Sulphurous Anhydride). 



M. F.,S02; M.W.,64; G. F., 



O. 



Physical Properties.— This colorless gas is of suffocating odor, 
poisonous when inhaled pure, and irritating when diluted with air ; at 
— 10° C. liquefies, and at —75° C. solidifies. About fi^rty volumes of 
the gas dissolve in one of water. 

Chemical Properties. — It is a strong deoxidizing and bleaching 
agent, and a good dmiifectant for dweUings^ etc. , provided it is generated 
Inf bamingfour pmmck of crime sulphur to each thousand cubic feet of 
air-space (Park). 

Peieparation. — 1. By burning sulphur or certain sulphides in air 
or pure oxygen. 2. By the action of sulphuric acid on certain metals 
of the silver and lead group, or on charcoal — i. e, , 

2HaS04 + Cu = CUSO4 + 2H2O -f- SO,; 
2H,S04 + C = CO2 -f- 2H2O + 2S0,. 

Sulphurous Acid. 

Preparation. — 1. By combining sulphur dioxide and water: 
S02+H20 = H,S03: 

2. Sulphurous acid, U. S. P., containing 6.4 per cent, by weight of 
sulphur dioxide, is made by the action of charcoal on sulphuric acid, 
the generated gas being dissolved in water. 

PtorsiCAL AND Chemical Properties. — ^This colorless l\c\jcvA^ ^y^^ 
pletely volatilized by heat, has the odor of auVvWt ^\oi\^^^ ^\A ^^^^^- 
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dmng, blea£;htiig^ and diiinfectiDg properties, is dibasic^ and forms saltSf 
called sulphites. The aetd and the BulpMtes absorb oxygea and form 
sulphuric acid and sulphates. 

Qualitative Analysis for Sulphurous Acid and SulpMtes, 

Add their solution to one of potassium permanganate acidified with 
hydrochloric acid and boil The potaflsium pcrmangauate will be decol- 
orized. Then te»t for sulphuric acid m the solution. 

Sulphur Triozide (Sulphuric Anhydride). 



M. F., 80a ; M. W,, 80 J a. F., 0=8^ 



O. 



PHOPERTnEs AND Peeparatiok — This white silky cryBtalline sub- 
stance, obUtned by simultaneously paesin^ oJc^gen and sulphur dioside 
over red-hot spongy platinum, is ui^d chiefly in manufacturing i'uming 
sulphuric acid. 



Sulphuric Acid (Oil of Vitriol)^ 

pREPAELAnoN,— By simultaneously pacing into leaden chamben 
Tttponi of Mulphur dioxide from burning sulphur or pyrites^ nitric aeld, 
steam ^ and air The sulplkur dioxide combines with water and nitric 
acid into sulphuric acid and nitrogen trioxidc. Tlie nitrogen trioxidc 
conil)ines with sulpliur dioxide, oxygen, and watcr^ forming nitrosyl-sul- 
phuric acid, which is split by the steam into sulphuric acid and nitrogen 
trioxide. This nitrogen trioxide forms more nitrosyl-sulphuric acid^ 
which is immediately decomposed as above, Apparentlt^ a given qaan- 
tity of nitrtc a^td xfioitM form ati nnh'mited qimntitif of sulpkitric acid^ 
bid the loss In the oxiihs of nitrogeii <htnng the process causes gradmjd 
disappearance of th-fi nitric aeid. These reactions are r 

L 2S0a + H^O + 2HNO3 = 2H,S04 + N/)^ ; 

2. NA + 280, + 20 + H,0 = 2(N0^SO,OH) ; 

3, 2(N0,SOsOH) + Hfi = 2n^0^ + N^Ot. 

YAaiETiES. — The sulphuric acid, with some water, collects at the 
chamber- bottom. Chnmber acid^ Sp* C L55, is drawn off and concen- 
trated by evaporation! first in leaden pans and otterward in platinum 
diiilies. 

Fmi sulphuric add (Sp. G. 1.75, 78 per cent pure H^SO*) is the 
stroneest pRfrji f nable by evaporation in lead pans, as more conceDtmted 
ac?A/ dissolvea JeacJ. 
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Cmiceittrated sulphuric acid (Sp, Cr. 1.84) contains 95 per cent, pure 

Dilute sulphuric acidf TJ, S. P» , contains 1 per eent. H^SOi- 

Sulphuric acid waa ori finally mauufactured by distillation trom fer- 
rous sulphate {green vitriol) ; because of the oily appearance of the dis- 
tillate, it was called otl of miriol^ lis present common name. 

Physical Properties. — Concentrat<^d sulphuric acid is a colorless 
oily liquid, boils at 338° 0. and freezes at — 20°C 

Chemical Properties.^ — This strong dibajiic acid forms salts called 
Mulphifm^ by combinations with metals or bases, or b;^ displacing other 
aeids from their ^ults. It abiiorbB water, and is therefore a desieeating 
agent, destroys and chara organic matter by removing hydrogen ana 
oxygen in the proportion to form water, and depositing carbon* Its 
Bbugh in animal tissue is, consequently, bWk, 

Ajial3rtical Characters of Snlpbiuic Acid or Sulphates* 

L Addition of barium ehloride precipitates barium sulphate, white 
and insoluble in acids. 

2. Addition of solution of lead acetate precipitates lead sulphate. 

PjTOsiilphuric Acid (Disulphnric Acid, Pmning or 
Nordhausan Sulphuric Acid). 

Peopeeties. — This brown oily, very corrosive liquid fumes in the 
air, and decomposes into SO^ and HjSOt when heat-ed. 

Preparation.— By dissolving SUa (obtained by distilling FeSOJ in 
sulphuric m\A—L e., 

TMosulphuric Acid. 
Pkoperttes, — Unknown in the free state* 



Sodiiun Thtosulphate (Sodium Hyposulphite, IT, S. P.). 



.-SNa 



M, P,, Na^ A \ M. W.. 138 J a. P., so/ 

Properties. ^Th is salt of thioBnlphurie a^id decomposes by acidst 
Ifbentmg sulphur and sulphur dioxide, with silver nitrate forms silver 
l^loflulphate, soluble in an excess of the sodium salt, fonninir a double 
eompound, A^'NaHJ^).,. This pn^fjerty is ussed in photography for 
temoving unchanged silver from the plate a^^^r deveki^ux^. 
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OTHER COMPOUNDS OF SULPHUB. 
Carbon Disulphide (Carbon Bisulphide). 

M. F., CS, ; M. W., 76 ; G. F., cf 

Properties. — ^This colorless, volatile, inflammable, nearly neutral 
liquid has high refractive power, Sp. G. 1.29, boils at 460° C., and is 
used as a solvent. 

Preparation. — By passing vapor of sulphur dioxide over heated 
charcoal. 

SELENIUM AND TELLUBIXTM. 

S., Se, Te ; A. W., 79, 125 ; V., 2, 4 or 6, respectively. 

Properties. — These elements resemble sulphur, are polymorphous, 
and combine with hydrogen and oxygen similarly to sulphur — e. g,^ 



H,S 


H,Se 


H,Te 


SO2 


SeO^ 


TeOj, 


SO3 


SeO, 


TeOg 


H,S03 


H^SeOg 


HaTeOg 


H^O, 


H^SeO, 
QUESTIONS. 


HjTeO^ 



How is sulphur found in nature ? 

What is meant by crude sulphur, flowers of sulphur, washed sulphur, and 
precipitated sulphur, and how are they obtained? 

State physical and chemical properties of sulphur. 

State composition, mode of manufacture, properties, and uses of hydrogen 
sulphide, sulphur dioxide, sulphurous acid, and sulphuric acid. 

How may sulphites be distinguished from sulphates? 

Give tests for sulphates. 

State strength of concentrated and dilute sulphuric acid. 

What is the composition of pyrosulphuric acid? 

State composition and uses of sodium thiosulphate. 

How may the presence of sulphur in a compound be demonstrated ? 

How do selenium and tellurium resemble sulphur? 

How much U. S. P. sulphurous acid can be obtained from 100 grama of pnre 
sulphuric acid ? 
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CHAPTER XI. 



PHOSPHOEUa 
S., P; v., 3 or 5; A, W,, 31, 

History. — Discovercil and made ip>m Qrlne in 1GC9 by Brandt, of 
Ilajiiburg. 

OccLTKREf^CK— In natuxe, as phosphafceB of calcium, iron^ alummum, 
and other metals in rocks and the soil. From the aoil it js tiiken xip by 
plants, and thence eiitera the animal body in organic and inorganic com- 
bination. Bone coutainB about 5U per cent of caTcium phosphates. Phos- 
phorus is eliminated in the urine. 

PaEPAHATlD^f. — By heatins? a dry mixture of metaphosphoric acid 
and charcoal in a retort and collecting the products under water— i, e, , 

2HP0j, -h 5C ^ H3O -h 5C0 + 2P, 

Hie metaphosphoric acid is obtaineil from natural calcium phosphate 
by the atition of sulphuric acid, and the heating of the ortho phosphoric 
acid so obtained at a strong red heat — L «., 

CaB{PO^)j -\- ail^SO^ = SCaSOi -f aHaPO^ ; 

H3PO4 = HgO -r HPOj. 

Boring the reaction several intermediate compounds are formed^ 

Phttsical pKnpEEiTrR=?.— This colorless, translucent, wasy solid l>e- 
comea opatiue, yellow, and yellowish red on standing, especially in sun- 
light, and brittle at 0^ C, melts at 44'' C, and volatilizea at 290° C la 
insoluhle in water, fslit^htly soluble in alcohol, ether, fixed and esaentjal 
oils, very soluble in ehloron>rni and in bieulphide of carbon* Tlie last 
solution is dangerously combustible, and from it phosphorus ctystallizes. 

Chemical PaoPERTrEg. — Phosphoms has luminosity and great 
affinity for oxygen ; when exposed to the air combines with oxygen, 
giving off a garlic-like odor and white vapors which are himinnus in the 
dark. The heat of this slow oxidation soon reaches 50° C, when the 
phofiphorns burns with a bright flame, forming white fumes of phosphor 10 
oxide. Phosphorus is therefore kept under water, and manipulated 
away from oxygen. Pbosphoms combines directly with many metals, 
forming phfmpJihhii^ us zinc phosphide (Zn^^Pg), also with chlorine, bro- 
mine^ iodine, and forms six com|)Ounds with sulphur. Phosphorus differs 
from other elements in containing four atoms in each molecule (molec- 
UT^R WTtirOHT 1^4). 

I'hosphoniB shows mauv points of similarity to nitrogen, in being three 
or five valent, and in uniting with hydrogen, oxygen, and chlorine into 
' ftDalogoua compounds^/', e. , 



pn. 






NA 



NClj 
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Toxicology of Phosphorus. 

Chronic poisoning occurs in workers in phosphorus. 

Acute poisoning follows the ingestion of a poisonous quantity. 

Chemical Antidotes. — 1. Potassium permanganate, which converts 
phosphorus into phosphoric acid, by oxidation. 2. Oil of turpentine, 
whose action has not been explained. These should be preceded by 
emesis and lavage. Milk and fats should not he given, because they dis- 
solve phosphorus and assist its assimilation. 

Tests for phosphorus in the stomach-contents: 

1. By simple agitation in a dark room for the characteristic lumi- 
nosity. 

2. Wh?°. *^^ quantity of phosphorus is small this simple test fails. 
Then distil in a dark room a mixture of the stomach-contents, dilute 
sulphuric acid, and water. Phosphorus will distil over with the steam, 
and be seen as a luminous ring in the upper part of the condenser. 

3. A minute quantity may have become oxidized. Therefore phos- 
phorous acid must be tested for in the distillate. 

ALLOTROPIO FORMS OF PHOSPHORUS. 

The red or amorphous, and the black or metaUic forms are of inter- 
est among several. 

Red Phosphorus. 

to 260° C. for about thirty-six hours, differs from ordinary phosphorus 
in being non-poisonous, non-luminous insoluble in solvents just men- 
tioned, and non-combustible below 280° C, at which it becomes the 
ordinary form. 

Properties and Preparation. — This brick-red, amorphous pow- 
der, obtained by heating common phosphorus in an atmosphere of CO, 

Black or Metallic Phosphorus. 

Preparation and Properties. — Obtained by heating red phos- 
phorus in a sealed tube to 500° C. ; it is deposited in the cooler portion 
of the tube in microscopic needle-shaped crystals having metallic lustre. 

Uses of Elementary Phosphorus. — In the manufacture of phos- 
phorated oil, pills, and spirit of phosphorus, phosphoric acid, and other 
compounds, and chiefly (both common and red phosphorus) of matches. 

COMPOUNDS OF PHOSPHORUS AND OXYGEN. 
Oxides otr Phosphorus. 

Common Name. M. F. M. W. G. F. 

1. Phosphorus monoxide .... P4O 140 Not determined. 

^^ Phosphorus trloxide PA 110 OziP— O— PziO. 
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3. Phosphorus tetraoxide .... P^O. 124 ^P — F^ • 

4. Phosphorus pentoxide . . . . PjOg 142 ^P— -O— pC * 

O ^O 

Properties.— The pentoxide is formed by rapid, the others by slow 
oxidation. The trioxide and pentoxide unite with water into phos- 
phorous and phosphoric acids. 

ACIDS OF PHOSPHORUS. 
Phosphorous Acid. 

S., H,P03 ; M. W., 82 ; G. F., ^^P<^^^. 

W \)H 

Preparation. — By dissolving phosphorous oxide in water — i. e., 

PA+H,0 = 2H3P03. 

Physical AND Chemical Properties.— This colorless, liquid, 
strongly dibasic acid and its salts [jilwsphites) are strong reducing agents, 
uniting with oxygen into phosphoric acid and phosphates. 



Analytical Characters of Phosphorous Acid and the Phosphites. 
They reduce mercuric chloride, silver nitrate, and nitric acid, and 
compu 



phosphoric acid may be detected in the solution after this reaction is 
piete. 



Phosphoric Acids. 

Phosphoric oxide unites with water in three proportions — i. e. , 

1. Metaphosphoric acid : 

PA + H20 = 2HP03; 

2. Pyrophosphoric acid : 

PA + 2H,o=^n,p.A; 

3. Orthophosphoric acid : 

PA + 311,0 -=2Il3P04. 
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Orthophosphoric Acid. 

/OH 
M. F., H3PO4 ; M. W., 98 ; G. F., O = p(-OH. 

Properties.— This colorless, odorless, strongly acid liquid is tribasic, 
forming three series of salts according to the number of hydrogen atoms 
replaced — i. ^., 

1. Sodium-dihydrogen phosphate or primary sodium phosphate ; 

X)Na 
M. F., NaH^PO,; M. W., 120; G. F.,0-P^OH. 

\0H 

2. Disodium-hydrogen phosphate or secondary sodium phosphate ; 

/ONa 
M. F., Na^HPO, ; M. W., 142 ; G. F., 0=P^ONa. 

\0H 

3. Trisodium phosphate or tertiary sodium phosphate ; 

/ONa 
M. F., Na^PO,; M. W., 164; G. F., 0=pf ONa. 

\ONa 

All alkali phosphates, but only the primary phosphates of other 
metals, are soluble in water. 

Preparation. — 1. Natural phosphates are salts of orthophosphoric 
acid, whence it may be obtained oy sulphuric acid (see page 119). 

2. By dissolving phosphoric oxide in water and boiling. 

3. By treating phosphorus with dilute nitric acid, and evaporating 
the solution until any excess of nitric acid has been expelled. 

Varieties. — Orthoplwsplioric acid^ {phosphoric acidy U. S. P.), Sp. 
G. 1.710, contains 85 per cent, of pure acid. 

Dilute phosphoric acid, U. S. P., contains 10 per cent, of pure acid. 

Qualitative Analysis of Phosphoric Acid and the Phosphates. 

1. A neutral solution of a phosphate precipitates solutions of barium, 
calcium, or ferric chloride, forming the respective phosphates, which are 
soluble in acid. 

2. Silver nitrate forms with phosphates a yellow precipitate soluble 
in ammonia and in nitric acid. 

3. A solution of ammonium molybdatein dilute nitric acid, when 
boiled with phosphates in an acid solution, forms a yellow precipitate 
of ammonium phosphomolybdate ((NH4)3PO4.10Mo03.2H,O), soluble 
in ammonia wat<;r. 

4. A mixture of magnesium sulphate, ammonium chloride, and am- 
monia water added to a neutral or alkaline solution of a phosphate 
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fr}mis a "wliito crystalline moss of amtuonitim-ma^Deaiam phoaphate 
(NH,.MgPOJ soluble \n acids. 



Quantitartive Analysis of Phosphoric Acid and the Phosphates. 

The WiJi^^hed quantity of material ia dissolved in nitric acid^ and an 
excess of ammonium mulybdate added to tlic clear dilutod .^olutiurj. Thr 
yeliovy precipitate is di&solved in dihitc ammonia ami precijfitated hy 
n J afrneaium -ammonia mixture (4). Tiie w fished precipitate i^ burned, 
ibrndng niagnosiuni jjyroj>hospbate {MgjPa^r)i fi^om whose weight the 
qu^mtity of pbosphone acid isi (calculated. 



Pyrophosphoric Acid> 



M. P., IT^PA; M. W., 17S; Gr. F.J 



no 



\r 



^/9H 



HO-/ \OH 



pRopEETiEj^ AND pREPARAxroN.— This tctrabosic aeid, whose salts 
are called pifrophosphatm^ la formed by beating ortbopihosphoric aeid 
to 200° 0. , 13 not precipitated by ammoniimi molybdatc, and doesi not 
coagulate albumin. 

Metaphosphoric Acid (Glacial Phosphoric Acid). 

M. P., HPO,; M, W,,SO; Q. P., ^P-^H. 

Froperttes and Preparation. — Tbia gla^iay white solid, soluble in 
water J is foniied: L By heating pyrophosi^borjc acid or ammoninra 
pbtwspliate ; 2. By dissolving phosphoric oxide in water ; and 3* Be- 
comes ortbopliosphorie aeid when tbe solution is boiled^ and is again 
formed when ortln>phospboric acid is heated to red heat^ It is a mono- 
basic aeid^ and differs from conmion phosphoric acid, by forming a while 
precipitate with ammonio-siiver iiitnite, coagulating albumin, and being 
poisonous. 

Hypophospliorous Acid, _ 

M. P., Il,,PO,; M. W, OU; G. P., JP< 

pRorETtTTF-s ANP I^REPARATION.— Tliis coloHess, si^rupy, strongly 
acid li<jiiid, obtained by dtM'om posing barium hypo phosphite with dilute 
sulphuric acid, and concentrating the stilution by evapmition in a vacuum^ 
is unstable J decomposing by heat or by staudm^ vwu^i ^vjfe-^xaris&L ^i;:^ 



124 



PHOSFBOEVS. 



pUoaplioric acid, Hypophosphorous iiuid and its salts^ the liypophoa* 
phites, are i^trou^ reducing ugeut&s, whieh muBi be retuemberea when 
prescribing them with mercuric and lerric salts. 

Struci'IJRIL^^ — Hypophosphorons and phoBfvhorous acids are peculiar ; 
eaeb contains three hydrogen atonia iti t!ic molecule, of wliieli one in the 
former and two in tKe latter acid are nciplaceable by bases. It is assiuned 
tiiat the phospborus in eacli is qttfrufivfitinf^ and that the replaceable 



W 



en atom as hj/drfxqjL 
S, P., contra 10 per 



liydrogen is joined to the phosphorus by an ox^ 

VARlFrtES. — JJilute hi/popho^pJutrfma acitL 
cent, of pure acid* 

The HypophospMtes, 

l^EPA RATION. —By boiling phosphorus with hydroxides of tbe alka- 
lies or alkaline earths : 

3Ea{OH)^ + 8F + 611^0 ^ SBalPHjOj)^ -f PHj. 

The pbospliine (PHa) formed ic:nites spontaneously. 

COMPOUKDS OP PHOSPHORUS AND EYHROGEN, 



Phosphine. 



a. p., p(-H 



Propkrtti:s and Preparation.— This colorless gas, funned dunng 
the manutaeture of hyi>opho«pbitcs, usually of disagreeable odor^ is 
spontaneously inflammable, due to the presence of a eomponnd^ P^H^, 
as an impurity. It is slightly soluble in water^ the solution bein«: faintly 
alkaline. With hydrochlorie acid it foruis a eoui pounds PHiCl (phos' 
phorium chloride)^ analogous to ammonium ehlonde. 



QUESTIONS. 

Wben and by whom waa phoRphoruH dist'overed? 

Jhtw is phosphorus fiiuiid iu nnturet and how Is It obtained ? 

Btat^^ the pbydcal and cliemictil propertied of phosphunm, and Its allotropio 
mod I fl cations. 

8tate antidott'ft aiicl mothrMi ui detecting phosphortis in nAmi of poison ing. 

State name and ttPUipnsiEiou of the ox idea of phcji8phfn-u8. 

What aru the proiiertifs, mode of manLifafturej and conipociition of phtf»» 
photoua Olid hypophoaphorims acids? 

What ppocautjons Bhould 1»© observed In preBcnhlog bypophoaphites ? 

State names and composition of pbi»spbfiriu aoids. 

How in nTt\uf]>hoH\yhftnc acid made, wbat uro it8 propcrtiea aud tests^ and 
how arc its c^iLtn named ? 

How umy or tbo phosphoric acid be diatluguishi^d from mt^taphoBpliorie and 
pj^ophtisphona iU-'Jdfl? 
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CHAPTER XII. 



THE HALOGENS, 

Class SimLAKirrES.— Fluorine, Chlorine, Bromine, and Iodine form 
a natural ^up, the Halmjmi^ {s<jdt-'m^kers)y having many similaritiea. 
All ordinarily univalent, may ahow a vaknc6 of three, five, seven \ with 
hydrogen form HF, HCl, IlBr, and III, €olorless gases, and monobasic 
acidsj soluble in wak^r, eonibirie directly with many metals to form 
fluori<lesi, ehlori^leST bn>mides, and iodides ; and because of their strong 
affinities, alwaya occur in nature in combination. 

The eombining p<jwer varies with the atomic weight. Muorine, with 
the lowest atomic weight, hsua greatetit affinity, and iodine has the least 
affinity for other elements. They have, in the gaaeoug state, chamcter- 
istic color, irritating odor, and marke<i bleacliing and disinfecting proper- 
ties. 

FLUORIKE. 

S.. F; v., 1; A.W., la 

PiirsiOAL AND Chemical f iiapERTiES.^This yellowieh gaa, of irri- 
tating and suffocating odor, has stronger affinities than any other cle- 
ment; sut>ports combustion more vigorously than oxygen; ignites 
silicon^ boron, and similar resistant Rubstances, decfira poses cold water 
into HF and oxygen, and sodium chloride into NaF with liberation of 
chlorine, ignites many organic compounds spontaneously, their hydrogen 
being burnt and carbon deposited, and combines dirf^tily with many 
metabf including gold and platinum, forming fluurides. 

OocuRRENCE, — In nature, as fluorspar (eaJcium fluoride) and cryolite 
(sodium and aluminum iluoride), and in traees in many minerals, apring- 
wateiB, the enamel of the teeth, and bones of mammals. 

Preparation.— From hydroiluoric acid, by electrolysis, with a 
strong current, in platinum vessels, kept at low temperature to prevent 
their too rapid eorrosion. 

COMPOUNDS OF FLUOEINE, 

Hydrofluoric Acid (Hydrogen Fluoride), 

M.F,, HF; M.W.. 20; G, F., F--H. 

Preparation. —By the action of sulphuric acid on calcium fluoride — 

GttF, + H^i = 2HF + CbSO*. 

PRorERTlKS* — As a gaa dissolved in water tlie acid is very corro&vi'tv 
and etches glass, whose silica it attajcka \ \a o. ^^^xli^ ^\!^J«*^^>K> "^^^ 
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destroyB eortaiQ objection^ibb ferments, oct^urrmg iu yeasty ^ithoui 
iiDpt3iJin^ the iiJGtivity of tlijit whkh converts sugar into alcohol By 
mixing a small ouantity of it with the fermenting mixture the quantity 
of alcoholic proJuct is increased. 

CHLOEIHE. 

S., CI; v., 1; A, W.,35A 

Occurrence. — lu riatnre, chiefly as stxlium chloride (common salt) 
diaa<jlved in all natural water^ yapping from small amounts in ordinary 
Bpring-water to large amounts in sea-water, and solid deposits (rock 
salt). Other natural chlorides are thos€ of potassium, magnesLumf and 
calcium. 

l*RorERTiKS. — Chlorine taken into the animal body &g sodium 
cbioritle takeg part in many physiological chemical changes. 

This yellowish- green gas irritates the air-pasi^ages, is soluble in wat^r 
two Yolumes to one at Ut° C\ {nqmi cMori, ddorme water, U. S, P.), 
Under m^ atmospheres clilonne ibnna a greenish liquid. 

(^JiiEMiCAL Properties.— It comhinea directly with all other ele- 
merits except oxygen, nitrogen, and carbon, but with thcKe imltre^tiy^ 
often with emission of light and explosion—^, g. y a mixture of chlorine 
and hydrogen is explosive, not when the mixture is kept cool and dark, 
but when ignited or exposed to sun -light. Chlorine decomposes water^ 
ammoniaf and hydrocarbonST combining with their hydrogen to form 
hydrochloric acid- This explains the unstablcness of chlorine water, 
I Chlorine deodorizes and bleaches either by combining directly with the 
material ol* by decomposing the water, the nascent oxygen then oxi- 
dizing the odorous or colored matter. 

pREi'AitATroN, — K By electrolysis of sodium chloride. 2. By 
decomposing hydrochloric acid by oxidizing agents, most commonly 
manganese dioxide or potassium chlorate— l e. , 

MnOa + 4nCl = MnQj + 211^0 + 20 ; 

KCIO3 + 6HC1 -^KQ + 3HjO + 60. 



COMPOtraDS OF CHLORINE AND HTDEOGEN, 
Hydrochlonc Acid (Muriatic Acid)* 

M. T., HCl ; M. W., 36.4 ; G. P,, H ^ O. 

Preparation. — By the action of eulphnrioacid on sodium chloride — 
I. e., 

2Naa H- H,!BO, ^ Na^RC)* + 2UC\. 

PHT8IOAL PiiopERTIES,— ThiB colotlesu gati, of great affinity for 
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water, forming dense white clouds of liquid hydrochloric acid, when in 
contact with steam or moist air, is soluole in water (400 volumes in 1 ). 
This solution is also called hydrochloric acid. 

\ ASi\vnE&.— Hydrochloric acid, U. S. P. (Sp. G. 1.163), contains 
31.y per cent, of pure HCl. 

Ddute kydrocMoric acid, U. S. P. , contains 10 per cent, of HCL 

Qualitative Analysis of Hydrochloric Acid. 

1. It forms insoluble chlorides in solutions of mercurous, lead, and 
silver salts. The silver chloride is insoluble in nitric acid, soluble in 
ammonia. 

2. Chlorides treated with sulphuric acid and manganese dioxide 
evolve chlorine. 

Nitrohydrochloric Acid, Aqua Regia (Nitromnriatic 

Acid). 

Nature. — ^A mixture of chloronitrous or chloronitric gas with water 
and chlorine, therefore M. F., M. W., and 0. F. can not be stated. 

Preparation. — ^By mixing concentrated nitric and hydrochloric 
acids. 

Chemical Properties.— It dissolves gold and platinum (which resist 
other acids), by the presence in the mixture of free chlorine and chloro- 
nitrous or chloronitric acid, which easily part with their chlorine — /. e., 

HNOj-f 3Ha = 2H30 + 2a 4-NOa ; 

HNOj + 3Ha = 2H jO + CI + NOClj. 

Varieties. — Ddvte nitromuriatic add, U. S. P., is composed of 
hydrochloric acid 180 c.c. and nitric acid 40 c.c. mixed. When the 
reaction is complete water 780 c.c. are added. 

COMPOUNDS OF CHLORINE AND OXYGEN. 
Oxides of Chlorine. 

These form indirectly : 
Chlorine monoxide, 

M.F.,a,0; M.W.,87; G. F., <^iO. 

Chlorine dioxide, 

M. F., ClO^; M. W., 67.5; G. F.^tvolOL^V^YTcCvwA. 



Cl- 
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Chlorine trioxide) 

M.F.,C1A; M.W., 119; G. F., yO. 

Chlorine heptoxide, 

O O 

II II 

M.F.,C1.A; M.W., 183.9; G. F., 0=01-0-01=0. 

II II 

o o 
Acids of Chlorine. 

The first, third, and fourth oxides unite with water into : 

Hypochlorous acid 

(M. F.,H010; M.W.,52.5; G. F., 01-0~H), 

0l2O-f-H2O = 2HClO; 
Chlorous acid 

(M. F., HCIO, ; M. W., 120; G. F., O.-01-O— H), 

OlA + HaO-^^HClOa; 

Perchloric acid 

(M. F., HOIO,; M.W., 100.5; G. F., 0<r|)^ 
CIA + H,0 = 2HCIO4 ; 



An oxide yet unknown unites with water into : 
Chloric acid, 

M.F.,H0103; M.W.,84.5; G. F., | ^Q-O-H. 

O^ 

Properties of ttte Oxides and Acids.— All are very unstable, 
frequently decomposing with explosion, univalent, and of little interest. 
The salts of hypochlorous and chloric acids only are of importance. 

The Hypochlorites. 

These are hypochlorous acid salts. 

Preparation. — By the action of chlorine on the hydroxides of 
sodium, potassium, or calcium — i. c, 

2K0H + 201 = HjO + KCl + KOIO. 
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Chemical I^oPEftTiES. — ^These strong bleaching agents evolve 
chlorine on addition of acids — i. e. , 

2KC10 + H,SO, = KjSO, + KjO + 2C1. 

The Chlorates. 

These are chloric acid salts. 

Preparation. — 1. By the action of chlorine on alkaU hydroxides at 
100° C— I. e., 

6K0H + 6C1 = 3H2O + 5KC1 + KCIO3. 

2. By boiling a hypochlorite solution — i. e. , 

3KC10 = Ka + KC103. 

Qualitative Analysis of Chlorates. 

1. They liberate oxygen when heated. 2. They give off an explo- 
sive yellow gas (CI2O4) when treated with sulphuric acid. 

C0MP0X7NDS OF CHLORINE AND NITROGEN. 
Nitrogen Trichloride. 

M.F.,NCl3; M.W., 120.5; G. F., N^ CI. 

\C1 

Properties. — This oily liquid is a most explosive substance. 
Preparation. — By the action of chlorine on ammonia — i 6., 

NH3 + 6C1 = 3HC1 + NCI3. 

BROMINE. 
S.,Br; v., 1; A. W., 79.7. 

Occurrence. — In nature, chiefly as calcium, magnesium, and sodium 
bromides in mineral waters. 

Physical Properties. —This heavy (Sp. G. 2.99), dark reddish- 
brown, volatile liquid, freezing at — 240° C. , and giving oiF suffocating 
yellowish-red fiimes at ordinary temperatures, is soluble in thirty parts 
of water, more so in. alcohol, and very freely in ether and bisulphide of 
carbon. 

Preparation. — 1. By decomposing native magnesium bromide, 
firom evaporation of mineral water containing it, by chlorine— t. e., 

MgBrj, + 2C1 = MgCla + 2Br. 
9— P. I. C. 
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2. Concentrated sulphuric acid added to a bromide liberates bromine 
and sulphur dioxide— i. e. , 

2NaBr + 2H2SO, = Na^SO, + 2Br + SO^ + 2HjO. 

COMPOUNDS OF BROMINE AND HYDROGEN. 
Hydrobromic Acid. 

M.r.,HBr; M. W., 80.7 ; G. P., Br-H. 

Properties. — ^This colorless gas is soluble in water. 

Preparation. — 1. By the action of dilute sulphuric acid on bro- 

MgBra + H2SO4 = 2HBr + MgSO^. 

2. By the action of alcoholic tartaric acid solution or aqueous bromide 
solution — i. c, 

KBr + HAHA = KHC4H4O6 -h HBr. 

The mixture is kept at 0° C. until the potassium acid tartrate has sepa- 
rated and the solution of hydrobromic acid filtered off. 

Varieties. — Dilute hydrobromic acid, U. S. P., contains 10 per 
cent, of pure HBr. 

Qualitative Analysis of Hydrobromic Acid and Bromides. 

1. Bromides give a yellow precipitate with silver nitrate, soluble in 
ammonia, insoluble in nitric acid. 

2. Chlorine water added to a bromide solution containing a little 
starch-paste produces a yellow color. 

Hypobromites and bromates are respectively salts of hypobromous 
(HBr()) and bromic acid (HBrO.,). 

Preparation. — By processes analogous to those for obtaining the 
similar chlorine compounds. 

IODINE. 

S., I ; v., 1 ; A. W., 126.8. 

Occurrence. — As the iodide or iodate of metals in spring- and sea- 
water and Chile salt-petre. From sea- water it is taken up Dy aquatic 
animals and plants, notably kelp, a species of sea-weed. 

Preparation.— By burning the kelp, extracting the ashes with 
water, removing other salts by concentrating this solution and cr5^stal- 
lizing, then liberating the iodine from the compounds in the mother- 
liquor by chlorine, and refininir by su})linmtion. 

J^//ysjcAL Properties.— This solid forms bluish-black scales, of 
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metallic lustre, Sp. G. 4.95, melting-point 115° C, boiling-point 200° C, 
is almost insoluble in water, except in the presence of potassium iodide. 
Its solution in alcohol or ether is brown, and in chloroform or carbon 
disulphide violet. Iodine and its solutions stain the skin brown, and 
taken internally are irritant poisons. 

Chemical Properties.— With the other halogens it forms unstable 
compounds, as iodine chloride, ICl. 

COMPOUNDS OF IODINE AND H7DR0GEN. 
Hydriodic Acid (Hydrogen Iodide). 

M. r., HI ; M. W., 127.8 ; G. F., I-H. 

Preparation. — 1. By processes analogous to those for hydrobromio 
acid. 2. By the action of hydrosulphuric acid on iodine in the presence 
of water: 

H^S + 21 = 2HI -h S. 

Iodides are the salts of hydriodic acid. 

Qualitative Analysis of Iodine and Iodides. 

1. Starch-pjiste is colored blue by iodine. 

2. If an iodide solution containing starch-paste be treated with chlo- 
rine-water, a blue color develops, by liberation of iodine and its action 
on the starch. 

Iodic Acid. 

M. F., HIO,; M. W., 175.8; G. F., ^I-OH. 

Properties. — ^This white crystalline substance, soluble in water, lib- 
erates iodine with reducing agents. 

Preparation. — By dissolving in water iodine pentoxide, which is 
obtained by the action of nitric acid on iodine — t. c, 

61 + IOHNO3 --- 5N,02 + sap + 3IA ; 
Lfi^ -i H,0 ^ 211103. 

OTHER COMPOUNDS OF IODINE. 
Sulphur Iodide. 

S-I 
M. F., S,I, ; M. W., 317.6 ; G. F., I 

^— \ 
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Properties. — This grayish-black solid has metallic lustre. 
Preparation. — By fusing a mixture of sulphur and iodine in pro- 
portions of their atomic weights. 



Nitrogen Iodide. 
M. r., NI3 ; M. w., 394.4 ; G. r., N^I 



A 



Preparation. — By the action of iodine on ammonia, it is a dark 
powder, exploding on concussion. 

NH3 + 61 =: SHI + NI^ 

QUESTIONS. 

State the names and general ])roperties of the halogens. 

How does fluorine occur in nature, how is it obtained, and what are its 
properties ? 

State the composition and properties of hydrofluoric acid. 

How does chlorine occur in nature, how is it obtained, and what are its 
properties ? 

State the composition, mode of manufacture, properties, and tests for the 
recognition of hydrochloric acid. 

What is aqua regia, and what are its properties? 

State the names and composition of the oxides of chlorine, and the acids 
formed from them. 

How are hypochlorites obtained, what are their properties, and by what 
tests may they be recognized? 

Give tests for chlorates. 

Show by equation the action of chlorine on potassium hydroxide solution, 
at the ordinary temperature, and at the boiling-point. 

How does bromine occur in nature, how is it obtained, and what are its 
properties ? 

State the composition, mode of manufacture, properties, and tests of hydro- 
bromic acid. 

Show by equation the action of concentrated sulphuric acid on potassium 
bromide. 

Show by equation the formation of sodium hypobromiie from bromine and 
sodium hydroxide. 

How does iodine occur in nature, how is it obtained, and what are its 
properties? 

How is hydriodic acid obtained, what are its properties, and by what tests 
may it be recognized ? 

State the composition and mode of manufacture of iodic acid. 

State the composition and properties of sulphur iodide, nitrogen iodide, 
and nitrogen chloride. 
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CHAPTER XIII. 

THE METALS, ALLOYS, AND AMALGAMS. 

THE METALS. 

Common Characteristics. 

About one^half these fifty-eight elements are of practical importance, 
and the remainder, occurring in small quanti^, of scientific interest. 
Their general properties have been mentioned (Page 72). 

Physical Properties. — All are solid at ordinary temperatures 
(except mercury, a liquid). All are ftisible, and some volatile. 

Chemical Properties. — All combine with fluorine, chlorine, and 
oxygen ; some with sulphur, bromine, and iodine ; a few with carbon 
and phosphorus, forming fluorides, cnlorides, oxides, sulphides, bro- 
mides, iodides, carbides, and phosphides, respectively. Metals form 
salts by replacing the hydrogen m acids. 

Occurrence. — ^A few occur in nature in a free state ; the majority, 
in combination as oxides, sulphides, carbonates, silicates, sulphates, ana 
chlorides. 

Preparation. — 1. By heating the oxides with charcoal. The carbon 
combines with oxygen and the metal is liberated — e. g.^ 

FeO + C=:CO + Fe. 

2. The sulphides are converted into sulphates or oxides by roasting — 
1. e. , by heating to a high degree in an oxidizing atmosphere. 

3. By electrolysis of their ores. 

The Classification of Metals. 

Groups may be variously made. Depending on their analytical pecu- 
liarities, metals are divided into two classes and six groups. 

Class I. Light Metals. 

Sp. G. 4 to 6. Sulphides soluble in water. This class consists of the 
following groups : 

1 . Earth Metals. —Ahtmumm and some rare metals. Oxides in- 
soluble. 

2. Alkaline Earth Metals. — Calcium^ harmm^ strontium, and 
magnesium. Oxides soluble ; carbonates insoluble. 

3. Alkali Metals. — Potassium, sodium, lithium, AkV ^«i^ss ^>5s:^ 
mineral acids soluble. 
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Class II. Heavy Metals. 

Sp. G. 6 to 21.5. Sulphides insoluble. This class consists of the 
following groups: 

1. Arsenic Group. — Arsenic^ antimony^ tin, gold, platinum, molyh- 
demim. Sulphides insoluble in dilute acids, soluble in ammonium sul- 
phide. 

2. Lead Group. — Lead, copper, bismuth, stiver, mercury, cadmium. 
Sulphides insoluble in dilute acids and in ammonium sulphide. 

3. Iron Group. — Iron, manganese, zinc, chromium^ cobalt^ niclcel. 
Sulphides soluble in dilute acids. 

ALLOYS AND AMALGAMS. 

Definition. — Alloys are combinations of two or more metals. Amal- 
gams are alloys containing mercury. 

Properties. — ^The exact condition of metals in alloys is not known. 
Probably they are true atomic combinations dissolved or mixed with an 
excess of one constituent. Certain changes in physical properties (fus- 
ing-point, brittleness, hardness, etc. ) indicate some degree of change in 
the metals of an alloy. The retention of their general physical char- 
acters shows that changes are only slight. 

QUESTIONS. 

What are the characteristic properties of metals ? 

What is an alloy, and what is an amalgam ? 

How are metals obtained from their oxides? 

How are metals classified according to their analytical behavior? 

What are the characteristics of each group ? 
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THE ALKALI METALS AND AMMONIUM. 

Chemical Properties.— The alkali metals are univalent, decompose 
water at ordinary temperatures, liberating hydrogen, and forming hydrox- 
ides soluble in water and strongly alkaline ; combine directly with oxyjoren 
and chlorine ; form salts with common acids, soluble, and white (unless 
the acid colors), fusible at red heat, and giving to a non-luminous flame 
characteristic color. Their carbonates and hydroxides are not decom- 
posed by heat. The metals are white, soft solids, which must be pre- 
served in coal-oil because of their affinity for oxygen and action on 
water. 

Preparation. — By electrolysis of the hj'droxides, the metal being 
I/berated with hydrogen at the negative po\(i. 
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LITHIUM. 
S., Li; A. W., 7; V., 1. 

Occurrence. — In nature, as silicate in a few rare minerals, and as 
chloride in spring-water. 

Properties. — Lithium is the lightest of the solid elements. Its 
bromide, carbonate, and citrate are used as medicine. Its salts are 
generally less soluble than those of the other alkaU metals. A strong 
solution of a lithium salt forms a precipitate of lithium phosphate on 
the addition of sodium phosphate. 

Preparation. — By electrolysis of the chloride. 

SODIUM. 

S., Na; A. W., 23; V., L 

Occurrence. — In nature, as chloride, in sea- water, and soUd beds 
(rock-salt), in small quantity in spring-waters, and in vegetables and ani- 
mals ; also in deposits, as nitrate and silicate. 

COMPOUNDS OF SODIUM. 

SINGLE SALTS OF SODIUM. 

Sodinm (Jhloride.— 

M. F., NaQ; M. W., 58.5; G. F., Na-a 

Properties. — This very important compound often contains mag- 
nesium and calcium chlorides, wnich render it hygroscopic. Pure sodium 
chloride is not hygroscopic. It is an essential of animal food, and assists 
in all parts of the body in many decompositions of vital importance ; is 
soluble in 2.8 parts of cold water, and 2.5 of hot wat^r ; crystallizes in 
cubes, often arranged in pyramidal steps {hopper-shaped). 

Sodinm Carbonate (Sal Soda, Washing Soda).— 

M. F., Na,CO3.10H2O; M. W., 280; G. F., C0<^^![. 

Preparation. — Mannfnctnred in larger quantity than any other 
compound of the alkali metals, for use in glass, soap, and other sub- 
stances, it is prepared fi-om sodium chloride, by the Leblanc or Solvay 
process. 

The Lehlanc Process. — Sodium sulphate C^ saJt-ca7:r^^) is formed by 
decomposing the chloride with sulphuric acid, then mixed with coal and 
limestone, and fused in a rcverberatory furnace, with the foUowlivsL 
reaction : 

Na^SO, -f- 4C + CaCOs = CaS + 4CO -V ^^f^v 
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The product (^^hladc-ash'^ or ^^hall-soday), containing unchanged car- 
bon and lime, when mixed with water yields a solution of sodium car- 
bonate and a precipitate of calcium oxysulphide. This solution on 
evaporation yields crude sodium carbonate ("so(/a-a«^"), which, when 
redissolved and recrystallized, forms the pure salt, containing ten mole- 
cules of water of crystallization. 

TJie Solvay or Ammonia Process. — Sodium chloride is decomposed 
by ammonium bicarbonate under pressure, forming sodium bicarbonate 
and ammonium chloride — i. e., 

NaCl + NH^HCOg = NaHCOg + NH,a. 

The ammonium chloride is treated with lime to form ammonia, and this 
is converted into bicarbonate by the carbon dioxide evolved in the con- 
version of sodium bicarbonate into carbonate, by heat. In this way the 
process is made continuous. 

Properties.— Strongly alkaline, and easily soluble in water, it forms 
monoclinic crystals, efflorescing on exposure, more rapidly on heating, 
into dried sodium carbonate {sodii carboncts exstccatus^ U. S. P.). 

Sodium Bicarbonate (Baking Soda).— 

M. r., NaHCOs ; M. W., 84 ; G. P., C5<)<3f a* 

Preparation. — 1. By the ammonia process from sodium chloride. 
2. By passing carbon dioxide through a solution of sodium carbonate. 

Properties.— This white crystalline powder, soluble in 12 parts of 
cold water, is slightly alkaline. 

Sodium Hydroxide (Caustic Soda).— 

M. F., NaOH ; M. W., 40 ; G. F., Na— OH. 

Preparation and Properties. — By processes analogous to those 
for obtaining potassium hydroxide (see page 139), which it physically and 
chemically resembles. 

Sodium Monoxide.— 

M. F., Na,0 ; M. W., 62 ; G. F., ^>0. 

Preparation. — By oxidizing sodium at low temperatures. 

Sodium Dioxide (Peroxide).— 

Na— O 
M. F., NaA ; M. W., 78 ; G. F., I . 

Na-0 

Preparation.— By oxidizing sodium at 200° C. 
Propertied. — This bleaching or oxidizing: agent, dissolved in water, 
forms sodium hydroxide and oxygen, aivdm ^Aw^^^^JsA^Vi'^dToeen dioxide. 
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Sodium Snlphate (Glauber's Salt).— 



M. r., Na^, ; M. W., 142 ; G. P., ^^\ ^ or S0,<; 



ONa 
ONa- 



Preparation. — By the action of sulphuric acid on sodium chloride. 
Properties. — Its large colorless efflorescent crystals dissolve in 2.8 
parts of cold and 2.5 of hot water. 

Sodium Bisulphite (Acid Sodium Sulphite).— 

M. F., NaHSOa ; M. W., 104 ; G. F., S0<^^^. 

Preparation. — By the action of sulphur dioxide on cold solution 
of sodium carbonate : 

Na^COs -h 2SO2 + HjO = 2NaHSOs + CO^ 

Neutral Sodium Sulphite.— 

M. F., Na,S03.7H,0 ; M. W., 252 ; G. F., S0<^^^ 

Preparation. — By adding to the foregoing solution a quantity of 
sodium carbonate equal to that first used. 

Sodium Thiosulphate (Sodium Hyposulphite).— 

M.-F.,Na,SA''3H20; M. W., 248 ; G. F., S0,<^~^^ 

Preparation. — By digesting powdered sulphur with sodium sul- 
phite solution. 

Disodium-hydrogen Phosphate (Sodium Phosphate).— 

yONa 
M. F., Na^HPO, - I2H2O ; M. W., 258 ; G. F., O-^P^ONa. 

Preparation. — By the action of sodium carbonate on calcium acid 
phosphate, obtained by treating neutral calcium phosphate with sul- 
phuric acid : 

Ca^(P04)2 + 2H2SO, = 2CaS04 -\- Ca(H2PO,)2 ; 

Ca(IT,P04)2 + Na,C03 ■= CallPO, -\ llf) + CO^ + Na^^IIPO^. 

Reaction. — Alkaline to litmus, acid to pVieivoVv^vVv^^vcv. 
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Normal Sodium Phosphate.— 

X)Na 
M. r., NajPO, ; M. W., 164 ; G. P., 0=P( ONa. 

\0Na 

Properties. — This unstable compound forms sodium-hydrogen phos- 
phate and carbonate in the air. 

Sodium Pyrophosphate.— 

NaO NaO 
I I 

M. P., Na^PA-lOHp ; M. W., 466 ; O. P., 0=P-0-P=0. 

NaO NaO 

Preparation. — By heating sodium phosphate to redness. 

Sodinm Nitrate (Chili Salt-petre).— 

M.P.,NaN03; M.W.,85; G. P., >N-ONa. 

or 

Occurrence. — In nature and purified by crystallization. 

Sodinm Nitrite.— 

M.P.,NaNO,; M.W.,69; G. P., Nf 

^ONa 

Preparation. — By fusing sodium nitrate and lead, and separating 
sodium nitrite from lead oxide so formed, by solution in T«ater. 

Sodinm Hypophosphite, Iodide, Bromide, Chlorate, and Hypo- 
chlorite.— 

I^EPARATION. — By processes analogous to those for corresponding 
potassium compounds (Pages 141 and 142). 

Laharraqive' s solution (eau de javelle) is a solution of sodium hypo- 
chlorite. 

DOUBLE SALTS OP SODIUM. 

Sodinm-cobaltic Nitrite.— 

M. P., Co,(NO,)fi(NaNo,) ; M.W., 780.6; (>. P., not determined. 
Uses. — As a reagent for potassium and ammonium compounds. 
Soda-lime is a mixture of lime and caxiLsdc widat. 
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POTASSIUM. 
S.,K; V.,1; A.W.,39. 

Occurrence. — In nature, as silicate of potassium and aluminum in 
granite and other rocks and, after their disintegration, in the soil ; as 
chloride, nitrate, and sulphate in spring- water, sea-water, and the ani- 
mal body ; and as organic compounds in plants, for which it is an essen- 
tial food. 

Sources. —Chiefly sylvite, KCl, and camallite (KClMgCljeHaO) in 
the Strassfurt mines. 

COMPOUNDS OF POTASSIUM. 
Potassinm Hydroxide (Potassa, Caustic Potash). 

M.r.,KOH; M.W.,56; Q. P., K-O-H. 

Preparation. — 1. By electrolysis of potassium chloride. 

2. By the action of the metal on water : 

K + H^O^KOH-hH. 

3. By the action of calcium hydroxide on potassium carhonate : 

K^CO, + Ca(0H)2 = CaCJO, + 2K0H. 

Properties. — ^This solid is brittle, white, very deliquescent, soluble in 
5 parts of water, less soluble in alcohol, strongly alkaline ; a powerful 
base, combining with all acids and destroying organic tissue ; fuses into 
an oily liquid, which poured into moulds, forms pencils on cooling — ^the 
ordinary market form. 

Pofassa cum caJce, U. S. P. , is a mixture of equal quantities of 
potassium and calcium hydroxides. 

Liqufyr potasscp, U. ^. P. , is a 5 per cent, watery solution of potas- 
sium hydroxide. 

Oxides of Potassium. 

Potassium monoxide : 

M.P.,K,0; M.W.,94; G. P., K-O-K. 

Potassium dioxide : 

K-0 
M. P., K A ; M. W., 110 ; G. P., I • 

K— O 
Potassium tetraoxide : 

K— O— O 
M. P., K A ; M. W., 142 ; G. P., ^ • 
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Potassium Carbonate. 

M. r., K^COj; M. W., 138 ; O. P., C0<3|- 

Properties. — ^This strongly alkaline solid is soluble in equal weights 
of water. 

Preparation. — 1. From ashes of plants. 2. By the Leblane proc- 
ess from native chloride (see page 135). Its organic compounds in the 
plant are converted into carbonate by burning. By extracting these 
ashes with water a solution of potassium carbonate, with traces of potas- 
sium and sodium chlorides and sulphates, is obtained, which evaporated 
to dryness forms ^'' pearl ash^^ or ^^ aiide potash.^' 

Potassium Bicarbonate. 

M. P., KHCO3 ; M. W., 100 ; G. P., GO<q^' 

Preparation. — ^This crystalline substance is obtained by treating 
potassium carbonate solution with carbon dioxide: 

KjCOs + Hfi + COj = 2KHC08. 



Potassium Nitrate (Nitre, Salt-Petre). 



M.P.,KNO,; M.W.,101; G. P., ^N-OK. 



Occurrence. — ^In nature with sodium nitrate in the soil, probably 
formed by nitrification of ammonia, absorbed from the air. 

Properties.— It cr3^stallizes in six-sided prisms, is soluble in water, 
has a cooling saline taste, oxidizes, and is therefore used in the manu- 
facture of gunpowder. 

Potassium Sulphate.— 

M. P., K2SO,; M. W., 174; G. P., S0,<^|. 

Preparation. — By the action of sulphuric acid on potassium car- 
bonate. 

Potassium Bisnlphate (Potassium Acid Sulphate).— 

M. P., KHSO,; M. W., 136 ; G. P., S02<^g. 

Preparation. — ^By the action of sulphuric acid on potassium 
cbloiide. 
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Potassium SulpMte.— 

M. r., K^SO,; M. W., 168 ; O. F., 80<3k- 

Preparation.— By decomposing KjCOs with sulphurous acid : 
K,CX)8 + HaSO, = KjSOa + Hp + CO^ 

Potassa Sulphurata (Liver of Sulphur, Hepar Sulphuris).— 

Preparation. — By fusing one part of sulphur and two parts of 
potassium carbonate. 

Properties. — ^This mixture of potassium sulphide (K^S), polysul- 

C' ■ "e (K2S3), and thiosulphate (KaSjOa), absorbs water and oxygen, and 
mes sulphate in the air. 

Potassium Hypophosphite.— 

M. P., KPHA; M. W., 104; G. P., >P< • 

Preparation. — By decomposing calcium hypophosphite by potas- 
sium carbonate. It is deliquescent, and easily soluble in water. 

Potassium Chloride.— 

M. P., Ka; M. W., 74.5; O. P., K-Q. 

Occurrence.— In nature, and is used to form other potassium com- 
pounds and fertiUzers. 

Potassium Chlorate. 

M. P., KCIO,; M. W., 122.5; G. P., >:i-OK. 

or 

Preparation. — 1. By the action of chlorine on boilinj? potassium 
hydroxide solution. 2. By electrolysis of potassium chloride solution 
under certain conditions. 

Properties. — This white crystalline solid, strong oxidizing agent, 
jrields oxygen when heated alone, decomj^oses when heated with organic 
matter, and with strong acids yields chloric acid, an explosive gas. 

Hypochlorites and Chlorates.— 
Preparation.— (See pages 128 and 12^.") 
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Potassium Iodide. 

M. r., KI; M. W., 166.8; G. F., K— L 

Preparation. — By adding iodine to potassium hydroxide solution 
until the brown color is permanent, evaporating to dryness, fusing the 
residue with charcoal to reduce the iodate formed, dissolving and crystal- 
lizing : 

6KOH + 61 = 5KI + KIO3 + 3HaO ; 

KIO3 + 3C = KI -h 3C0. 

Properties. — Its colorless cubical crystals are soluble in less than 
their own weight of water. 

Potassium Bromide.— 

M. F., KBr; M. W., 118.7; G. F., K— Br. 

Preparation. — 1. By a process analogous to the above. 2. By 
decomposing ferrous bromide by potassium carbonate: 

FeBi'a + K2CO3 = 2KBr + FeCO,. 

RUBIDIUM. 
S., Rb; v., 1; A. W., 85. 

GiESIUM. 
S., Cs; v., 1; A. W., 132.7. 
Both these elements are of scientific interest only. 



AMMONIUM. 



/? 



M. F., NH,; M. W., 18; G. F., N<g. 

Properties. — Ammonium salts show close analogy to sodium and 
potassium salts, and are therefore considered with the alkali metal salts. 

The radical NH4 acts in combination like a univalent element ; like 
all radicals it has no separate existence. 

Ammonium amalgam, soft, spon^, and with metallic lustre, is ob- 
tained by decomposing ammonium chloride by potassium amalgam. 

Source. — ^The ammoniacal liquor of gas-works, a solution of ammo- 
nium hydroxide (NH^OH). 
AJJ ammoDium compounds volatilize at a low red heat 
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COMPOUNDS OF AM MOmUM. 
Ammonium Chloride (Sal-ammoniaG). 

M, F-, KH,CI; M. W„ 53.r,; a. F., J^ii,-CL 

PeBPARATION.— By neutral iain^f ammtjujaeiil li(|Uor with hydro- 
chloric acid, evaporatingj and puriiyiD*^^ the residue by crj'stallizatioii. 

pROPEHTfES. — It fttrtns lung, fibrouii, tough, flexlbkj anhydrous crya- 
tals or a Tvhite granular puwdiir, haa sharp Hiilioe ta^te, neutrjJ reaction, 
iind is caailv soluble in waiter. 



ATnmonium Sulphate, Hitratei and Phosphata, 




AjatOKITTM, 




Sulpliate. 


Nitrate. 


FbOflphJite. 


Molecular Formula . . 
Molecular Weight , . . 

Graphic Formula . . . 


132. 


80. 
0^ 


/ONII^ 
0=Pf-OISH4 



Preparatton. — By adding their respective adds to amiDoniaeal 
liquor or jiinmonium carljonatc. 

IficrocoBmic Salt (FhosphorouB Salt),— Is used in blow-pipe 
analysit^. 

M. P., NaNH,HPO,.4H,0 ; M. W., 209; G. F.,0-PfONH,- 



\ 



Ammonitun Carbamate.— 



OH 



M. F., Nn,a>,NH,; M. W„ 78 J G. F. C0<^^^ - 

Preparation.— It is formed when carbon dioxide and dry ammonia 
gas are brought together: 

COj H- 2NH3 ^ NH^NH,00,. 

Corbamic (T«H is carbonic acid in which hvdroicyl has been replaced 
byNH,: 

OO(OH), + NH3 - 0ONH,OH + HA 

Commercial Ammonitim Carbonate (Sal Volatile).— 

M. P., NnjI(.X>3.NH^NII,C0a ; M, W., 157 ■ 

PuKPARATiON.— This mixtpe of ammoolum acid carbonate and car- 
bamate is foruied hy aublimation of a mixture of aramoniimi chloride 
and calcium carbooate. 
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Properties. — Its white, translucent crystals on exposure to air be- 
come ammonium bicarbonate, a white powder ; dissolved in water the 
carbamate becomes nomicd carbonate. Sufficient ammonia added con- 
verts the entire compound into normal carbonate : 

NH^HCOs-NH^NHaCOa + Hp + NH, = 2(NH,),003. 

Aromatic spirit of ammonia, U. S. P., is a solution of normal am- 
monium carbonate in diluted alcohol containing some essential oils. 

Ammonium-hydrogeii Sulphide.— 

M. F., NH,HS ; M. W., 51 ; G. F., NH,S-a 

Preparation. — By the action of hydrogen sulphide on ammonium 
hydroxide : 

NH,OH + HjS -= NH,HS + H,0. 

Ammoninm Sulphide.— 

M. F., (NH4)2S ; M. W., 68 ; G. F., NH.-S-NH^. 
Preparation. — By the action of ammonia gas on dry HjS : 

Both substances are used as reagents. 

Qualitative Analysis of the Alkali Metals and Ammonium. 

This group is distinguished from others by forming soluble carbonates 
and phosphates. Their individual reactions are shown in the table below : 



Sodium-cobaltic ni- 
trite 
Platinic chloride 
Sodium phosphate 

Sv)dinm hydroxide 
HeatinK to red heat 
Flame color 



Lithium. 
No change 



Sodium. 
No change 



No change No change 
White pre- |No change 

cipitatej 
No change No change 
Fuses I Fuses 



Crimson I Yellow 



Potassium. 



Yellow precipitate 

Yellow precipitate 
No change 

No change 

Fuses 

Violet 



Ammonium. 
Yellow precipitate 

Yellow precipitate 
No change 

Ammonia gas 
Volatilizes 



For the effect of ammonium compounds on Nessler's solution see 
page 93. 

QUESTIONS. 

state names, symbols, and valence of the alkali metals. 
What are the general properties of the alkali metals? 
State occurrence in nature, mode of manufacture, and compoeition of 
important salts of lithium. 
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State occurrence in nature, and mode of manufacture of sodium. 

State composition and properties of sodium chloride. 

How is sodium carbonate obtained ? 

Describe the Leblanc and Solvay processes. 

State the comxH>sition, mode of manufacture, and properties of Glauber's 
salt. 

What is the composition of sodium phosphate ? 

What is the composition of Chile salt-petre ? 

What is Labarraque's solution ? 

How does potassium occur in nature ? 

Give three processes for the manufacture of potassium hydroxide. 

What is crude potash, and how is it obtained ? 

What is salt-petre ? 

What is liver of sulphur ? 

How is potassium iodide manufactured ? 

What is ammonium, and how does it resemble the alkali metals? 

What is the source of ammonium compounds ? 

State the composition, mode of manufacture, and properties of ammonium 
chloride. 

What is the composition of ammonium carbamate ? 

Show by equations the result of dissolving commercial ammonium carbon- 
ate in water, and in water containing ammonia. 

How may the compounds of the alkali metals and ammonium be dis- 
tinguished from those of other groups of elements? 

How may potassium compounds be distinguished from those of sodium and 
ammonium ? 

How may lithium compounds be recognized ? 



CHAPTER XV. 
MAGNESIUM AND COMPOUNDS OF MAGNESIUM. 

MAGNESIUM. 

S.,Mg; v., 2; A. W., 24.3. 

Analytical Properties. — ^These are intermediate between those of 
the alkali metals and alkaline earths, resemble the latter in the insolu- 
bility of the carbonate and phosphate in water, but differ in the carbon- 
ate being soluble in ammonium chloride solution. Magnesium salts form 
a crystalline precipitate with phosphoric acid in the presence of ammo- 
nium chloride and ammonia. Several of its salts are isomeric with anal- 
ogous salts of zinc, which it otherwise resembles. 

Occurrence. — In nature, as mairnosite (MgCOs) ; kieserite 
(MgS04H30); camallite (KClMgCl/)H,()); sernentinc, talc, meer- 
schaum, and other silicates ; dolomite (calcium ana magnesium carbon- 
ate.) ; as soluble salts in sea and spring waters ; as carbonate,, axvd ^Vsssss- 
phates in plants and animals. 
lO^P. L C, 



146 COMPOUNDS OF MAGNESIUM. 

Chemical Properties. — ^This silver- white metal easily oxidizes in 
moist air, losing its lustre, decomposes hot water, evolving hydrogen, 
burns in air or oxygen with a brilliant white light (^^Jlash-light' of 
photography), forming magnesium oxide. 

Preparation. — By electrolysis of the double chloride of magnesium 
and potassium. 

COMPOUNDS OF MAGNESIUM. 

Magnesium Sulphate (Epsom Salt). 

M. F., MgS0,.7H,0 ; M W., 246.3 ; G. F., SOa<^>Mg. 

Occurrence. — In nature in sea and spring waters and as kieserite. 
Preparation. — ^As colorless crystals soliible in water by the action 
of sulphuric acid on native carbonate. 

MgCX), + HaSO, = MgSO^ + H^O + CO, 

Magnesium Carbonate (Light Magnesia, Magnesia 
Alba, U. S. P.). 

M. F., (approximate) (MgC03)4Mg(OH)2.5H20; M. W. and G. F., 

not known. 

Preparation. — ^By boiling a solution of magnesium sulphate with 
sodium carbonate : 

5MgS04 + SNa^COa + 6H,0 =(MgC08),Mg(OH)2.5H20 + SNa^SO^ + 00^ 

The precipitate is collected on a filter, washed, and dried to a light 
white powder {light magnesia, U. S. P.). If the above mixture be 
evaporated to dryness and sodium Sulphate removed by washing, the 
residue is more compact (heavy magnesium carbonate, tl. S. P.). 

Magnesium Oxide (Calcined Magnesia). 

M. F., MgO; M. W., 40.3; G. F., Mg^^O. 

Preparation. — By heating magnesium carbonate to fiill red heat: 

(MgC03)4Mg(OH)2.5H20 ^ 5MgO + GH^O + 400,. 

According as light or heavy carbonate is used, light or heavy magnesia 
(m/ignesia ponderosa, U. S. P. ) results. 

Properties. — This white amorphous powder absorbs water, and car- 
bon dioxide from the air. With water it forms hydroxide — Mg{OH)^. 

MM of magnesia^ U. S. P., is a suspension of Mg(OH), in water. 
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Magnesium Phospliates. 
These resemble calcium phosphates in properties and eomposittoii. 

Magnesium Ammonium Phosphate (Triple Phosphate). 

\OMg 

OcctTRRENrE, — It ts depodted fK>m ammoniaeal urine, and recognized 
by eoffiii-lid-ahaped crystals, and in the bladder forms phospliatie calculi. 
Preparation. — See reactions for pbosphoric acid, page 122. 

QTJESTIONa 

Wliat elements dtiea magnef^ium resemble, and how? 

How m magnesium found In imtuie, how is it obUiioed, &nd what are its 
propertitjs 7 

State ect^urrence in niLlun;, composition^ modij uf mAnufatcture^ and prop^ 
ertiea of Epsom salt. 

How i& mague^ium carbonate made? 

How may light and heavy magnesia be obtained from nwgnesium sul* 
phat^ ? 

Ciiye testa for magnesium compounds. 



CHAPTER XVI. 

THE ALKALINE EARTHR 

(lEinup CiTARACTERiSTics. — Beryllium, Calcium, Strontium, Barium, 
form the alkaline earth group, are all bivalent light metals, occur in 
nature in Reveral com hi naf ions, Jind are prepared by eleetn>lyEiiB and 
olher decompositions, but always with difficulty. 

They re^fmilih' the alkali metals, in deenmposing water at ordinary 
tcmt^eratures, lil>e rating liydrogen and forming s^jluble hydroxides, but 
il(ffrr lTii>ni them in forming? insolnble carlwnates and i>busphat<?s. 
Barium sulphate is not s<jluble, and calcitim find strontium sulpiiates 
are sparingly so. Frc:)m tbe earths tbey differ in fonning soluble by- 
drosides, whose solubility is greatest with barium (1-28*6), least with 
calcium (l-^6(>), and intermediate (1-50) with strontium* 

BEEYLLIUM. 
B., Be; v., 2; A. W., 9, 
This is of scientific interest otdy. 
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CALCIUM. 

S., Ca; v., 2; A. W., 40. 

Occurrence. — In nature, abundantly as carbonate (limestone, chalk, 
marble), sulphate (gypsum and alabaster), phosphate (apatite), fluoride 
(fluorspar), and silicate; as carbonate in shells of eggs and moUusca, 
phosphate and sulphate in animal tissues (bones), and chloride in water, 
blood, and other animal fluids. 

COMPOUNDS OF CALCIUM. 
Calcium Oxide (Lime, Burnt Lime, Quicklime). 

M. F., CaO; M. W., 56; G. F., Ca=0. 

Preparation.— By heating natural carbonate to about 800° C. (lime- 
burning) : 

Properties. — This amorphous, white, infusible, caustic, alkaline 
powder absorbs water and carbon dioxide from the air, forming air- 
slacked linie^ unites with water, evolving great heat, into the hydrooctde, 
Ca(0H)2, which is soluble 15 parts in 10,000 of water, but more soluble 
in sugar solution — syrupus calcisy U. S. P. 

Commercially lime is the most important base, being used in many 
chemical manufactures. 

Lime water {aqua calci's^ U. S. P. ) is a saturated solution of calcium 
hydroxide, Ca(OH)o, in water. 

Test for Lime Water. — Blow expired air (COj) through a tube into 
lime water (see page 107). 

3filk of lime is a mixture of calcium hydroxide and water. 

Mortar is a mixture of lime, sand, and hair. On standing, a hard, 
tenacious calcium silicate is formed. 

IL/dranlic cement contains lime, clay and other silicates. After 
moistening, silicate of lime and aluminum is formed, causing the 
hardening. 

Calcium Chloride. 

M. F., CaCl^ ; M. W., 75.5 ; G. F., Ca<^. 

Preparation. — By dissolving natural carbonate in hydrochloric acid 
and crj^stallizing : 

CaCOa } 2IIC1 = CaCl., | llfi + CX)^ 

Properties. — These colorless deliquescent crystals containing six 
molecules of water of crystallization, on heating become anhydrous 
chlondp, a porous mass, which absorbs water gradually, and is therefore 
used for drying guses. 
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Calcium Bromide. 

M. F., CaBi.,; M. W., 119.7; G. F., Ca<|^. 
Prepabation. — Similarly to the chloride. 

Chlorinated Lime, Calx Chlorata (Bleaching Powder). 

Properties. — ^This white, hygroscopic, strong bleaching and disin- 
fecting powder, is a mixture of calcium chloride and hypochlorite, with 
faint odor of chlorine. Chlorine is evolved from it when it is moistened, 
or treated with acids. 

Preparation. — By treating calcium hydroxide with chlorine : 

2Ca(OH)2 + 4a = 2H2O + CaCla + CaCClO)^. 

Its activity is due to the hypochlorite, of which enough should be 
present to jdeld 35 per cent, of available chlorine with acid : 

Ca(C10)2 + 4HC1 = CaCL, + 2H2O + 4a. 

Calcium Carbonate, U. S. P. 

M. F., CaCO,; M. W., 100; G. F., CX)<3>Ca. 

Galcii Gaxbonas Prsecipitatns, U. S. P., is pure carbonate obtained 
as a white, neutral, amorphous powder, by mixing solutions of calcium 
chloride and sodium carbonate, washing, and drying the precipitate : 

CaO^ + Na^COa = 2Naa + CaCX),. 

Calcium Sulphate (Dried Ojrpsum, Plaster of Paris). 

M F., CaSO,; M. W., 136; G. F., SO,<^>Ca. 

Preparation.— By heating natural sulphate (CaS04.2H-0) at 
115° C. until neariy all water has been removed, forming a soft white 
powder, which after combining with water hardens on drying. It is 
therefore used in making moulds, casts, and immobilizing dressings in 
surgery. 

Tricalcium Phosphate. 

o-p^>^ 

M. F., OajCPOJ, ; M. W., 310 ; G. F., ^>Ca. 

O-P^O. p^ 
\Q>Ca 

Occurrence. — Tn nature in rocks and bones. 
Properties. —This white, tasteless, amorphous powder insoluble in 
water, is soluble in hydrochloric and nitric acids. 
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Preparation. — Pure as calcii phosphatum prcecipitatum, U. S. P., 
by treating calcium chloride with sodium phosphate and ammonia : 

SCaCla -f 2Na,HP04 + 2NH^0H = CasCPOJ, + 4NaCl + 2NH4CI + 2H,0. 

Calcium Acid Phosphate (Superphosphate). 

M. F., CaHPO^ ; M. W., 136 ; G. F., 0=P^0>^' 

Properties. — A mixture of calcium acid phosphate and sulphate 
and used as a fertilizer. 

Preparation. — By action of sulphuric acid on natural phosphate. 

Bone ash is calcium phosphate and other salts, remaining after 
burning away organic matter of bone. 

Bone black (animal charcoal) is obtained by destructive distilla- 
tion of bone. 

Calcium Hypophosphite. 

M. F., Ca(PHA)2; M. W., 170; G. F., ^>0a. 



0=P^H 
\H 

Properties. — ^This white crystalline powder is soluble in water (1-6). 

Preparation. — By boiling phosphorus with milk of lime until 
hydrogen phosphide is no longer evolved, removing excess of lime with 
carbon dioxide, and evaporating the clear filtrate. 

Calcium Phosphide. 

M. F., Ca2P2; M. W., 142; G. F., unknown. 

Preparation. — By heating a mixture of lime and phosphorus to 
redness. Its structural formula is unknown, and its formation can not 
be shown by equation. 

Properties.— This chocolate-brown powder evolves hydrogen phos- 
phide when thrown into water. 

Calcium Carbide. 

M. F., CA; M. W., 92; G. F.JII^Oa. 

\^ 

Preparation. — By heating lime and carbon in an electric fiirnaoe. 
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The elements combine into dark-brown or black crystalline masses, 
which with water form acetylene (CaHa), a gas burning with an intensely 
white flame : 

CjCa + 2HaO = C^Hj, + CaCOH)^. 

The manufacture of an organic substance by direct union of the ele- 
ments is of interest and importance. 

Calx Sulphurata (Sulphurated Lime). 

M. F., M. W., and G. F., can not be stated, because it is a mixture 
of calcium sulphide and sulphate, and is not constant in its proportions 
of each. 

Preparation. — ^By heating anhydrous gypsum, starch, and charcoal 
in a crucible until colorless : 

CaS04 4- 2C = CaS -h 2CO2 (approximate). 



STBONTIUM. 
S., Sr; v., 2; A. W., 87. 

Occurrence. — ^In nature as strontianite (SrCOs) and celestite 
(SrSOJ, and in spring- water. 

Properties. — ^The carbonate resists heat more than calcium carbo- 
nate. The oxide is obtained by heating the nitrate of hydroxide. 



Strontium Nitrate. 

M. F., Sr(N0s)2; M. W., 211.3; G. F., Sr<3^^«^- 

Uses. — In the manufacture of pyrotechnics (fireworks) because of 
the brilliant red color of the flame of burning strontium. 
Preparation. — By dissolving the carbonate in nitric acid: 

SrCOs + 2HNO3 = Sr(N03), + ILfi + CO,. 



BARIUM. 

S., Ba; v., 2; A. W., 136.9. 

Occurrence. — In nature asbaritc (heavy spar) (BaSOJ orwitherite 
(BaCOs). 
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COMPOUNDS OF BARIUM. 
Barium Chloride and Nitrate. 

M. F., BaCl2.2HaO, BaCNOg),; M. W., 243.9, 260.9; 
G. F.,Ba<g}, Ba<3^o^^; respeeUvdy. 

Uses. — Valuable reagents. 

Preparation.— By dissolving the natural carbonate in the respective 
acids and evaporating to crystallization : 

BaCJOs + 2HC1 = BaCLj + H^O + CO^ ; 

BaCOg + 2HN0 = BaCNOa)^ -\-Hfi + CO^ 

Barium Oxide. 

M. F., BaO ; M. W., 152.9 ; G. F., Ba=0. 

Preparation. — By heating the nitrate: 

Ba(N03)2 = BaO -f 2NO2 + O. 

Barium Dioxide. 

M. F., BaO^; M. W., 168.9; G. F., Ba<^ I ' 

Preparation. — By heating the oxide to dull redness in air or 
oxygen : 

BaO + O = BaOg. 

Properties. — ^Too great heat decomposes it into oxide and oxygen. 
This power of absorbing oxygen from air and liberating it at high tem- 
peratures is used for manufacturing oxygen. After being heated several 
times, barium oxide loses this absorbing power, and therefore cannot be 
used indefinitely. 

Toxicology of Barium. 

The salts of barium are all poisonous. 

CnEMiCAL Antidotes. — Soluble sulphates precipitate barium sul- 
phate (very insoluhle) in the intestinal tract. 
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Qualitative Analysis of the Alkaline Earths and Magnesium. 

Table op Reactions Distinguishing the Members op the Group 
prom each other and prom magnesium. 





Gboup Members. 


Reagent. 


Magnesium.! 


Calcium. 


Strontium. 


Barium. 


Ammonium 


White precipi- 


White precipi- 


White precipitate. 


White precipitate. 


carbonate. 


tate. 


tate. 






Ammonium 


White precipi- 








hydroxide. 


tate. 








Ammonium 




White precipi- 


White precipitate 


White precipitate 


oxalate. 




tate in all 


in strong solu- 


in strong solu- 






solutions. 


tions. 


tions. 


Sodium 


White precipi- 


White precipi- White precipitate. 


White precipitate. 


phosphate. 
Potassium 

chromate. 
Potassium di- 


tate. 


tate. 


Yellow precipi- 
tate. 


Yellow precipi- 
tate. 
Yellow precipi- 






chromate. 








tate. 


Sulphuric 
acid. 




White precipi- 1 White precipitate 
tate in con-! in concentrated 


White precipitate 
in dilute solu- 






centrated 


solutions. 


tions. 






solutions. 






Flame. 




Yellowish red. 


Red. 


Yellowish green. 



1 Magnesium carbonate is soluble in ammonium chloride solution. 

QUESTIONS. 

Give names, symbols, and valences of the alkaline earth metals. 

How do these metals differ from the alkali and the earth metals? 

How does calcium occur in nature ? 

What is lime, and how is it obtained ? 

What are lime-water and milk of lime ? 

State composition, mode of manufacture, properties, and uses of calcinm 
chloride and anhydrous calcium chloride. 

Show by equations the manufacture of bleaching-powder from lime. 

What are the propcirties and uses of chlorinated lime ? 

Show by equation the action of hydrochloric acid on calcium hypochlorite. 

How much bleaching-powder of official strength will be required in the 
formation of 354 grams of chlorine ? 

Wliat is plaster of Paris, and how is it made ? 

Show by equations the formation of precipitated carbonate and precipi- 
tated phosphate of calcium. 

What is meant by superphosphate, bone-ash, and bone-black, and how are 
these substances obtained ? 

State composition, properties, and mode of manufacture of calcium hypo- 
phosphite. 

What is calcium carbide, how is it obtained, and how docs it act when 
treated with water? 

How docs strontium occur in nature? 

How is strontium oxide manufactured ? 

Name the official salts of strontium, and state the method of their prep- 
aration. 
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How does barium occur in nature ? 

What are the antidotes used in cases of poisoning by barium? Why? 
How is barium oxide obtained? 

State composition, mode of manufacture, and uses of barium dioxide. 
Give tests for distinguishing salts of calcium, strontium, barium, and mag- 
nesium from each other. 



CHAPTER XVII. 
THE EARTH METALS. 



Aluminum and Cerium comprise this group, with several rare 
metals of scientific interest only. 

ALUMINUM. 
S.,A1; v., 3; A. W., 27. 

Occurrence. — In nature abundantly as siHcate in various rocks, and 
in the clays of their disintegration, as traxxs in mineral waters, plants, 
and animals. Ruhy, sapphire, corundum, and emery are crystallizea 
aluminum oxide colored bv traces of other substances. 

Preparation. — By electrolysis of a mixture of native fluoride of 
sodium and aluminum (NagAlFg, cryolite) and aluminum oxide. 

Physical Properties.— This very light (Sp. G. 2.67) tin-white 
metal, capable of high polish, malleable and ductile, conducts heat and 
electricity well, and is not greatly changed by dry or moist air. 

Uses. — In the pure state for manufacturing ornaments, and in 
alloys, which it greatly strengthens. 

Aluminum bronze, an alloy of 90 parts of copper and 10 of alumi- 
num, resembles gold in appearance and is much used in the arts. 

Chemical Properties. — Trivalent, under certain conditions the 
double atom Alj seems to combine as a single sexivalent atom^— e. g. , 
the chloride, AICI3 or Al^Cle. To explain this behavior, ^ aluminum is 
looked on as a quadrivalent element, the two atoms being joined by one 
bond, as shown in the graphic formula below. 

COMPOUNDS OF ALUMINUM. 
Aluminum Sulphate. 

M. F., Al,(SO,),.16H20; M. W.,630; G. F., I ^>S0,. 

Properties. — These pearl-white plates are soluble in about their 
own weight of water. 
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PttEPA RATION,— By treating clay or 
with Mulphunc aeid and erystdhzing. 



other native aluminum salts 



Alnmmtmi Hydroxide. 



F., Als(OH)e; M, W,, 156; 0, F., 

Al 



/OH 

Ai:;^oH 

I \>H 
OH" 

(oh 

NOH 



Prkparation* — By adding to solutions of ahiminum salts soluble 
Uydroxidca, carbonates^ or sulphides, respectively, thus : 

1. Al3(SOi)3 + 6NaOH = Als(OH)^ + 3:NXS0(. 

2. Als(SOj3 -h 3Na,CX>3 + ^Rfi = Als(OH)a + SNa^SO* -j- 300^ 

3. AySOJg -h 3(NH4)^ + ^HjO = Als(OH)^s -j- S(NHJ.,S04 + 3H^ 

Chemical PROPERTfES.— The usual reaction ht;tween solutions of 
the carbonate of an alkali metal and the solubb salt of aay other 
me till, is the form a Lion of an itmolMe CfiHtomtte. Aluminum oxide is 
so weak a base that it cannot combine with carbonic acidj also weak ; the 
reactions in the foregoing first two equations therefore resulting in tho 
hydn>3cide and lil^jration of carbon dioxide ; and the Hulphides precipi- 
tate the hydroxide with liberation of hydrogen sulphide. Chromium 
and iron (ferric salts} allow similar reactions. 

Aluminum hydroxide precipitates as gelatinous flakes, which may be 
dried at 4u° 0. Greater heat expels water^ forming aluminum oxide 
(alumina)^ ALjOj* 

Uses.— By surface action takes up vegetable colors and is used in 
dyeing, particularly of cotton, as a mordant to *'fix*' colors, bein^ 
either precipitated in a s<7lution of the dye, forming the pigments called 
hke-% or soaked intij the material, which is then placed in the color. 

The hydroxide is precipitated in water in order to purify it, by 
removing suspended matt-er and some soluble constituents. 



Aluminium Chloride. 



. P., AljCU or Aia^ ; Mp W., 266.4 or 133 J j G. F. 



VxFl ^1 



PBBPAftATION.^As an anhydrous aolid, 
1. By the action of chlorine in a heated 



mixture of carbon and 



Al^O^H- 3C H- 6C1 = AljCU+ 300. 
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2. In solution by adding hydrocUoric acid to the oxide or hydroxide. 
When the water is removed by heat, the chloride formed in this way 
decomposes into oxide and hydrochloric acid : 

AljCl^ + 3Hj,0 = Al A + 6HCL 



Alums. 

Definition. — These tsomorpJums salts consist of one molecule of the 
sulphate of a univalent metal, one of the sulphate of a trivalent metsJ, 
and twenty-four of water of cr3^tallization. 

General Formula.— 

MjS04M/^^(S04),.24H30. 



Official Alum (Potassium and Aluminum Sulphate, 
Potassium Alum). 

K— Ov 

.A 



.o>so. 



»;M.W.,948; G.F., X 



^2 

M. P., K2S04.Al2(SO,)3.24H,0 ; M. W., 948 ; G. P., I ^ + 201^0. 

g._Q>S02 

Occurrence. — In large octahedrons, easily soluble in water; the 
solution is acid. 

Preparation. — ^By treating clay with sulphuric acid, adding to the 
solution of aluminum sulphate so formed potassium sulphate, evaporat- 
ing and crj'stallizing. 

Ammoninm-aluminuin Alum (Ammonia Alum).—- 

M. P., (NH,)2SO,Al2(SO,)3.24H20; M. W., 906; 

G.P., X 4-24H2a 
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Fotassiuin-cliromiiuii Alum (Chrome Alum).— 

M. F.,KaSO,.C5r2(S04)3.24H20; M.W.,850; 

Ammonium-ferric Alum (Ferric Alum).— 

M. F., (NH,)2SO,Fe2(S04)3.24HjO ; M. W., 815.8; 

Dried Alum (Alumen Exsiccatum, Burnt Alum, U. S. P.) — 
M. F., K,S04(Al)aS0,; M.W.,324; G. F., ^ 

Preparation.— As a white caustic powder from alum by expelling 
the water of crystallization by heat. 

Clays. 

Composition. — Clays are plastic masses consisting largely of alumi- 
num silicate combined with water. Kaolin is almost pure aluminum 
silicate. 

Fire clay contains an excess of silica. 

Red day owes its color to the contained ferric oxide. 

Properties.— By heating, clay loses its water and becomes hard 
and porous, as m porcelain, stoneware, eartheii\^«it^^ \y!AO<i&^ ^\r.. 
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Mica (Isinglass). 

Mica is a native double silicate of aluminum and certain other ele- 
ments. 

Ultramarine Blue. 

Occurrence. — ^This beautiful pigment is found in nature as ^^ lapis 
lazuli.'^ 

Preparation. — By fusing a mixture of clay, sodium sulphate and 
carbonate, sulphur, and charcoal. 

Chemical constitution is unknown. 

CERIUM. 

S., Ce; v., 3; A. W., 141. 

Occurrence. — In nature in small quantities, principally as cerite 
(cerium silicate). 

Chemical properties resemble those of aluminum. 

COMPOUNDS OF CERIUM. 
Cerium Oxalate. 

/^ 



—CO 



M. F.,Ce2(CA)s.lOH,0; M. W., 726; G. F., 



Ce'v-0— CO 
O-CO 

+ lOHjO. 



/O— CO 
ir-O— CO 

V)-CO 



Preparation. — Precipitated from cerium solutions by ammonium 
oxalate as a white granular powder. This is the only cerium salt official. 

ZIRCONIUM, ERBIUM, AND THORIUM. 

These, also, are earth metals. 

Occurrence.— In small quantities in Monazite sand. 

Oxide of Thorium is used in the mantle of the Welsbach burner. 

Qualitative Analysis of the Earth Metals. 

They are distinguished from the other jsroups by forming insoluble 

hydroxides, and by liberating carbon dioxide when precipitated with 

soluble carbonates. Aluminum is distinguished from cerium by forming 
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a precipitate with caustic potadh, soluble in excess of the reagent* 
Cerium hydroxide is insuluble in potassimn hydroxide, 

QUESTIONS* 

Hiiw does aluminum occur in iiiiture, how i^ it obtaiued^ aud what ara its 
properties? 

What is the clftict of tbe addition of sodium carboiiate and ammonium &ul* 
phidi) to solutionH of an alutuiuum salt? 

Wh))t is 3<1uniinum oxidt^ used for ? 

How is aluminuu) etiloride obtain ed» and what ia the effect of heat du its 
solutiuu V 

What ure alums, aud state the cumpoBitiou of four important alums? 

Btate tbe composition and mode of manufa.cture of cerium 0JtAla,te. 



CHAPTER XVIII. 

THE lEON GEOUF. 

GRaupPROPERTrES.^Iroiij Mauganesej Chromium, Cobalt, Nickel, 
and Zinc are tbe metals of this group, and are distinguished by forming 
with Kuiuble sulpliidea a precipitate tioluble in dilute uiineral acids. Tbe 
precipitate is tbe isulphide of each metal except ebromiuuij whi<'h, blto 
alumuimiij forms insoluble hydroxide when fiulphides are added in its 
solution* As the sulphides are soluble in dilute actda, neutral or acid 
solutions of the njetals are nut precipitated by hydrogen sulphide, but 
by ammonium sulphide. All their carbonates, phosphates, osidesj and 
hydroxides are insoluble. 

Kctrpt zmc^ v)hkh k nhcffr/& hivaJnif^ all form two series of com- 
{>ouadB, in one as bivalcnls, in the other, tnvalents, or a double atom 
acts as a single scxivalcnt atom, Tbey unite with oxygen in several 
proportions. Some higher oxides whow decided sieid properties. All 
le:r4y^pt znir) are magneticT and at red heat decompose water into me- 
till He oxidew and bydrtj^en. All dissolve in dilute sulphuric and hydro- 
chloric acids, liberating hydrogen aud forming salts. 

ITEBUM (mON). 
S.p Fe; v., 2; A, W., 66.9. 

The most useful of the heavy metals. 

OcctTRRENCE, — In nature in htrgf quantity as the most common 
inorganic coloring agent (the red or yellowish -red color of rocks, clay, 
sand, etc*, is due to it); in *w//? quantity in vegetables, and the blow* 
and tissues of animals ; also in metallic form as nicteorites, but chiefly 
as loadstone, magnatite (ferrous-ferric oxide, FeOF^H^-J\\ V^ssBOBBfioi!*. 
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(ferric oxide, FejOg), sidenite (ferrous carbonate, FeCOs), and iron 
pyrites (ferrous sulphide, FeS). 

Preparation. — ^Tlie ore is converted into ferric oxide, if necessary, 
by roasting, then mixed with charcoal (carbon) and limestone (calcium 
carbonate and silicate), and heated in a blast-furnace. At glowing heat 
the oxide is reduced by the carbon : 

FeaOa + 3C ■= 2Fe + SCO. 

Being surrounded by .the fused calcium silicate (slag)^ the molten iron 
is protected from oxidation by the air blast of the furnace. The iron 
and slag collect at the furnace-bottom and separate by gravity. The 
iron is run out into moulds to form pig-iron, * The slag, drawn oflF later, 
is used in cement manufacture. 

Pig or cast iron is impure, containing among other substances 2 to 5 
per cent, of carbon. 

Paddling is agitating molten iron in an oxidizing flame. The carbon 
is burnt out and pig iron becomes wrought iron. 

Wrought or bar iron is produced by puddling. 

Steel contains 0.16 to 2 per cent, of carbon, and is made by agitating 
a mixture of molten wrought and pig iron in proper proportions, and 
blowing air under pressure into the molten mass. 

Pire Iron [Ferrwn Reductum, U. S. P.). — ^This fine, grayish-black 
powder is obtained by reducing red-hot iron oxide by hydrogen. 

COMPOUNDS OF lEON. 

Iron forms two series of compounds : 

1. Ferrous, as a bivalent atom. 

2. Ferric, as a seonvalent double atom. Ferrous compounds are 
converted injo ferric in the air, or more readily by oxidizing agents, as 
chlorine, nitric acid, etc. 

Ferrous Oxide. 

M.F.,FeO; M.W.,71.9; G. P., Fe=0. 

Occurrence.— Seldom free, as it absorbs oxygen forming ferric oxide. 
Properties. — ^This strong base unites with acids into ferrous salts 
(usually pale green). 

Ferrous Hydroxide. 

M.F.,Fe(0H)2; M.W.,89.9; G.F.,Fe<3H- 

Preparation. — On the addition of alkaline hydroxides to ferrous 
solutions this white precipitate falls and rapidly absorbs oxygen and 
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water, becoming bluish-green, gray, black, and finally brown by forma- 
tion of ferric hydroxide : 

FeSO^ + 2NaOH = Na^SO^ + Fe(OH)j ; 

2Fe(OH)2 + O + HjO 3= Fea(OH)e. 

Ferric Oxide. 

Fe=0 
M. P., Fe A ; M. W., 159.8 ; G. P., ! >0 • 

Fe^ 

Preparation. — As a reddish-brown powder by expelling water from 
ferric hydroxide by heat. 

Properties. — A feeble base uniting with acids into ferric salts, 
usually of brown color, resembles abjminum oxide in not combining 
with carbonic or hydrosulphuric acid. Ferric compounds are precipi- 
tated as hydroxides by soluble carbonates and are reduced to the ferrous 
state by sulphides. 

Ferric Hydroxide (Hydrated Oxide of Iron, Per or 
Sesqui Oxide, Red Oxide of Iron). 



M. P., Fe^COHJe ; M. W., 213.8 ; G. P., HO^Fe-Fe( OH. 

— -v/ \(- — 



HCK /OH 

HO^Fe-Fe( OH. 
HO^ \0H 



Preparation. — As reddish-brown powder, by precipitating solutions 
of ferric salts by soluble carbonates or hydroxides : 

Fe2(Cl), -I- SNa^COg + 3^,0 = Fe^COH)^ + 6Naa + SCO^ ; 

Fe,(S0,)3 + 3Mg(OH)2 = Fe,(OH)e + 3MgS0,. 

Uses. — ^An antidote in arsenic-poisoning, and should be freshly pre- 
cipitated and washed, but not dried, because the moist salt combmes 
more readily with arsenic than the dried. 

Ferric Hydrate and Magnesia— Preparation.— As in the fore- 
going equation. The entire mixture is the antidote. It is rapidly pre- 
pared, as no washing is required, the magnesium sulphate adding to its 
value as an antidote. 

Perrates. 

These are compounds of alkalies with iron trioxide (FeOa) and water. 
Potassium Ferrate.— Free trioxide is not known. 

M. P., K,Fe0, ; M. W., 197.9 ; G. P., Fe0,<^-^ 
11— P. I. C. 
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Ferrous Chloride (Protochloride of Iron). 

M. F.,FeCl,; M. W., 126.9; G. P., Fe<^}. 

Preparation. — 1. In the dry condition by heating iron in a current 
of dry hydrochloric acid gas. ^. As a pale-green solution by dissolving 
iron in hydrochloric acid. The salt and the solution absorb oxygen from 
the air, hence the salt cannot be obtained by evaporating the solution. 

Ferric Chloride (Chloride, Sesqui or Per Chloride 
of Iron). 

CK yCl 

M. P., Fe^Cle.l2H,0 ; M. W., 540.8 ; G. P., Cl^Fe— F^l. 

Properties. — ^These orange-yellow, deliquescent crystals have acid 
reaction, styptic taste, and by heat lose water of crystalHzation, decom- 
posing into ferric oxide and hydrochloric acid. 

Preparation.— By oxidizing solutions of ferrous chloride contain- 
ing free hydrochloric acid with nitric acid. The hydrochloric acid is 
oxidized by the nitric acid, forming chlorine, which combines with the 
ferrous chloride, water and nitrogen dioxide, which are liberated : 

SFeaCle + 2HNO3 + 6Ha = SFeaClg -f 4H.,0 + 2NO2. 

Solution of Chloride of Iron (Liqnor Perri CUoridi, IJ. S. P. ).— 
Properties. — Contains 37.8 per cent, pure FejClg with some free hydro- 
chloric acid. Sp. G. 14.05. 

Tinctnra Perri CUoridi, U. S. P.— Preparation.— This is a 
mixture of one part of the solution with three parts of alcohol, left 
standing in a closed vessel for three months ; during this time the alcohol 
and ferric chloride form ferrous chloride and certain ethereal compounds. 

Dialyzed Iron (Perrum Dialyzatum, U. S. P.).— Preparation.— 
As an aqueous solution (about 5 per cent.) of oxjxhloride of iron by 
dialyzing a mixture of ferric chloride and ammonium hydroxide until all 
ammonium chloride is removed. 



Ferrous Iodide. 

M. P., FeT, ; M. W., 308.9 ; G. P., Fe<J- 

Preparation. — By direct combination in the presence of water, tis 
green solution, and evaporation to dryness to form the salt, which is 
hygroscopic and easily decomposed by the air. 

Saccnarated Perrons Iodide, U. S. P. —To prevent decomposition 
of freshly prepared iodide 20 per cent, of sugar 01 milk is added. 
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Ferrous Bromide.^ 

Prepakation, — Aiialogoua to the foregoing. 



Br 



163 



Ferrous Sulphide. 

M. Fpp FeS; M. W., 87.9; G, F., Fe=a 

Preparation.— By fuainjar salphur aod iron in molecular proportions. 
Also fWnti in nature, 

lliiE.— Fur the manutWture of hydrogen sulphide. 

Wheij aoluble sulphides are added to solutions of ferrous salts a blaek 
ferrous sulphide precipitiitcs ; when added to ferric solutions, the ferric 
salt is redueed to form ferrous sulphide, and Bidphur is also precipitated : 

FejjCla -h 3Na;»S = SFe8 + 6NaCl + 8. 

Ferrous Sulphate (Sulphate of Iron, Green Vitriol, 
Copperas). 

M. F,, FeSO,.7H,0; M. W., 277,ft; G. F., SOa<^>Fe, 

Properties. —Tliese large bluish-green efHoreseent crj-stals, which 
absorb oxygen from the air, are soluble in water. 

Preparation. — I. By dissolving iron in sulphuric aejd. 2. By 
roasting native sulphide. 3. As a by-product in many chemical decom- 
positions : 

Fe H- n^SOj r^- FeSO^ -\- 2H. 

QraniilRted Ferrous Sulphate, U. S. P. , is precipitated when strong 
gobitionR sliditlv aci<lified bv sulphuric acid are poured into alcohol 

Dried Ferroua Sulphate, U. S. R (FeSO^-aH^O), is fowned by 
heating the erysfals to 100" C. 

Ferric Sulphate. 

^^<^Fb 

M. F., Fe,(SO,)a; M. W., 399.8; G. F.,80,<g;^J * 

Prepa ration. — By the action of nitrie acid on solution of ferrous 
sulphate and sulphuric acid: 

6FeSt\ + ^UM\ -I 21IN0, - 3(Fe,(8O00 + 2N0 f 411,0, 

Solution of Ferric Sulphate (Liquor FerriTersul|fha^iii\^^-^^^ ^v , 
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is a solution of this salt used in making ferric-ammonia alum and hy- 
drated oxide of iron and magnesia. 

Solution of Ferric Subsnlphate (Mongers Solution), U. S. P., 
similar to the above, contains less sulphuric acid, and is supposed to be 
a basic ferric sulphate solution. 

Composition.— Probably 5Fe,(S04),Fe,(OH),. 

Ferric Nitrate. 

M. F., Fe(N03),; M. W., 427.9 ; G. F., I ^^g| 

FeA)NO, 
\0N0, 

Preparation. — In solution by dissolving ferric hydroxide in nitric 
acid. A 6 per cent, solution is official. 

Ferrous Carbonate. 

M. F., FeCX),; M. W., 115.9; G. F., CXXg^^®' 

Preparation.— As a nearly white, unstable, eaaly oxidized sub- 
stance, by treating solutions of ferrous salts with alkaline carbonates. 

Saccnarated Carbonate of Iron, U. S. P. (15 per cent, ferrous car- 
bonate). 

Preparation. — ^By adding sugar to freshly precipitated carbonate 
and drying. 



Ferrous Phosphate. 



^®'^o^p=o 



M. F., Fe3(P0,), ; M. W., 357.7 ; G. F., Fe<g^ 



Fe 



<P^^ 



Preparation.— As slate-colored powder darkening by absorption 
of oxygen, by adding a solution of sodium phosphate to a ferrous salt 
in the presence of sodium acetate : 

3FeS0, + 2Na,HP04 + 2NaCjH80, = FejCPOJ, + 3Na,S04 -f 2HCftO,. 

Sodium acetate is added to prevent formation of free sulphuric acid, 
which would convert the ferrous phosphate into ferrous-hydrogen phos- 
phate (FeHPOi). 
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Ferric Phosphate. 

M. F., Fe,(PO,),; M. W., 301.8; G. F., I ^ • 

Fe^O-)P=0 

Preparation. — ^By precipitating ferric solutions with neutral phos- 
phates. 

Soluble Ferric Phosphate, U. S. P., is a scale compound (see 
Index). 

Ferric Hypophosphite. 

p=o 



0=PeO — Fe-O ^P=0 



M. P., Fe,(H,PO,)e; M. W., 501.8; G. F., ^^g I H^ 

0=rI^O -Fe-O^P=0 
HOH 

p=o 

Preparation. — ^By dissolving ferric hydroxide in hypophosphorous 
acid and evaporating. 

Properties. — A grayish-white powder shghtly soluble in water, 
easily soluble in hydrochloric acid and in solutions of alkali citrates. . 

MANGANESE. 
S.. Mn ; v., 2 ; A. W., 54.8. 

Occurrence. — In nature as oxide or carbonate. 
Preparation. — By reducing native carbonate with carbon : 

MnO, + C = Mn + C02; 

2Mn,08 + 3C = 4Mn + 300,. 

Properties. — ^Resembles iron, is darker in color, harder, and more 
easily oxidized, and forms two series of salts, manqanous as a bivalent, 
MANGANIC as a seocivalmt double atom, also manganates (salts of 
manganic acid). 

Recent researches show manganese to be an important constituent of 
oxidising ferments in plants, and are of interest as possibly explaining, 
the value of the metal as a medicine. 
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COMPOUNDS OF MANGANESE. 
The Oxides of Manganese. 

Common Name. M. F. M. W. G. F. 

1. Manganous oxide MnO 70.8 Mn=0. 

Mn— 0\ 

2. Mangano-manganic oxide . . MnO-MnaOj 228.4 Mn=0 I O 

Mn— Ov 

3. Manganic oxide Mn^Oa 157.6 | A). 

Mn— 0-"^ 

/O 

4. Manganese dioxide MnOj 86.8 Mn\ I . 

^O 

Mn— (X 

5. Manganese trioxide .... MnOj 102.8 | X). 

Mn— O''^ 

Mn-0— O— 0\ 

6. Manganese heptoxide .... MnA 221.6 ! /O. 

Mn-O-O-O^ 

The trioxide and heptoxide are known only in combination as salts of 
manganic and permanganic acids. 

Manganous Oxide. 

Preparation. — 1. By heating native carbonate or hydroxide. 
2. By precipitating a solution of a manganous salt with sodium 
hydroxide. 

Properties. — A strong base combining with acids into manganous 
salts, which usually are pink. 

Manganese Dioxide (Manganese Peroxide, Binoxide, 
Black Oxide). 

Properties. — ^This heavy, grayish-black, crystalline mineral, the 
most important manganese compound in nature, when heated to redness 
liberates oxygen, when mixed with potassium chlorate facilitates the 
evolution of oxygen (see page 89), and with hydrochloric acid liberates 
chlorine (see page 129). 

Mangam Oxidum Nigfrnm, U. S. P., contains at least 66 per 
cent, of pure manganese dioxide. 



COMPOUNDS OF MANGANESE, 167 

Manganous Sulphate. 

M. p., MnSO^.m^O; M. W., 222.8; G. P., S0,<3>Mn. 

Properties.— These pale, rose-pink crystals combine with alkali sul- 
phates into double salts. j- -j • i 

Preparation.— By dissolving manganous oxide or dioxide m sul- 
phuric acid and crystallizing. 

Manganic Acid and the Manganates. 

Preparation.— By fusing a manganese oxide with a mixture of 
alkali carbonates or hydroxides, and chlorate or nitrates. Ihe naanga- 
nese becomes manganic acid, which combmes with the alkaU into a 
manganate : 

3Mn02 + 6K0H + KCIO3 = SK^MnO^ -f SILfl + KCl. 

The fused mass is extracted with water and evaporated to dark-green 
potassium manganate crystals. 

Permanganic Acid. 

M.P.,HMnO,; M. W., 119.8 ; G. P. , MnOa-OH. 

Properties.— Stable, with acid properties, forms salts called per- 
manganates. 

Preparation.— By electrolysis of the potassium salt. 

Potassium Permanganate. 

M. P., KMnO,; M.W., 157.9; G. P., MnOj-OK. 

Preparation.—!. By the action of dilute acid, or 2, of a large 
quantity of water on potassium manganate : 

3K,MnO, -f 4Ha = MnO^ -f 4Ka + 2KMn04 + 2ILfi. 

The dioxide is filtered out and the filtrate is evaporated to form slender, 
prismatic dark-purple crystals of somewhat metallic lustre. According 
to concentration, its solution varies from a faint pink to dark purple. 

JProperties. — A powerful oxidizing and disinfecting assent, easily 
giving up oxygen to substances having aflinity for it, and losing its char- 
acteristic color by decomposition. Tn the presence of acids and reduc- 
ing agents, two molecules liberate five atoms of oxygen : 

2KMn04 H- 3H3O -f X = KjSO^ + 2MnS04 -\- ZKjp -^ ifS^. 
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CHROMIUM. 

S.,Cr; v., 2; A. W., 52. 

OccuRRENCK— In nature chiefly as chromite (chromic iron ore), 
FeOOrA. 

Preparation.— As a steel-gray metal with difficulty. by reduction of 
the oxide by carbon : 

FeOCrA -|- 2C = Fe -|- 2Cr + 2(X)j^ 

Properties. — Resembles aluminum, iron, and sulphur. With 
soluble carbonates and sulphides solutions of its salts precipitate chro- 
mium hydroxide. It forms two basic oxides, CrO and CrjOs, and om 
acid oxide, CrOa. The last unites with water into chromic acid, 
HgCrO*, which, like sulphuric acid, forms insoluble saite with barium 
and lead. 

COMPOUNDS OF CHROMIUM. 

All are colored. The name is from chroma^ (Gk.) colcyr. 
Compounds of chromic acid are more important in medicine than the 
others of chromium. 

Potassium Dichromate (Bichromate or Red Ohromate 
of Potassium). 

M.F.,K,Cr20T; M.W.,294; G. P., CA<ok' 

Properties. — ^This source of other chromium compounds forms 
large red transparent crystals, soluble in water, is a strong oxidizer, 
liberates chlorine from hydrochloric acid, and, heated alone, evolves 
oxygen ; in the presence of an acid and a reducing agent it liberates 
three atoms of oxygen from each molecule : 

K^Ci-A + 4H2SO, + X = K2SO, + CralSO^), + 4H,0 -f aO,. 

Hydrogen sulphide reduces potassium dichromate, precipitating sulphur : 

KjCrA + 4H2SO, + 3H2S = K2SO, + Cr^CSO,), + 7H,0 + 38. 

Preparation.— By heating a mixture of chromium ore, calcium hy- 
droxide, and potassium carbonate in an oxidizing flame, forming potas- 
sium chromate, ferric oxide, and carbon dioxide : 

2(FeOCrA) + 4K,C03 + 70 = Fe^Og + 4C0, + 4K,Ci04. 

The neutral chromate is dissolved out of the fused mass, forming a 
yellow solution, which is treated with sulphuric acid. The potassium 
sulphate and dichromate separate by crystallization. 
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Oxides of Chromiom. 

Ohromiom Trioxide (Chromic Acid, Chromic Anhy- 
dride). 

M. P., CrO,; M. W., 100; G. F., Cr<3>^- 

Preparation.— As deep-red, deliquescent, needle-shaped crystals 
when sulphuric acid is added to a concentrated solution of potassium 
dichromate. 

Properties. — ^This stronrfy oxidizing, very corrosive agent forms 
with water chromic and dicnromic acids, analogous to sulphuric and 
pyrosulphuric acids : 

CrOs + H^O = H^CrO^, Chromic acid ; 
2Cr08 + H2O ■= HjCrp,, Dichromic acid. 

Chromates and Bichromates are their respective salts. 



Chromic Oxide. 

M.F.,Cr,0,; M.W.,152; G.F.,^^0. 



Cr<? 



Preparation and Properties.— As a green powder, insoluble in 
water, by the action of sulphur on dichromates. it is a heme oxide 
combining with acids into salts, and largely used to color glass and 
porcelain. 

Chromic Hydroxide. 

Cr^OH 
M. F.,Cr,(OH).; M. W.,206; G. F., I ^g- 

CrfOH 

Preparation. — As a bluish-green gelatinous precipitate by adding 
ammonia water to solution of chromium salts. The formation of 
chromium sulphate by reducing potassium dichromate has been shown. 

Ghrominm Salts. — Preparation.— By dissolving the hydroxide in 
the appropriate acid, evaporating and crystallizing. Solutions of chro- 
mium sulphate and potassium sulphate evaporate to form the purple 
dystals 01 chrome alum. 
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COBALT AND NICKEL. 

S.,Co, Ni; v., 2,2; A. W., 58.6, 58.6, respectively. 

Properties.— These resemble each other c/iewitcaZ?^/ and pA3/stba%, 
occur in nature as arsenites and sulphides, frequently in the same ore, 
and are silver-white. Salts of cobalt are generally red, those of nickel 
green. 

Uses. — Metallic nickel is used in many alloys and electroplating. 
German silver is an alloy of nickel, copper, and zinc. 

COMPOUNDS OF COBALT. 

Cobaltous Chloride. 

M. P., Coa,; M. W., 129.6; G. P.,Co<^- 

Preparation. — By dissolving the oxide in hydrochloric acid and 
crystallizing. The solution and the hydrous crystals are rose-red. The 
anhydrous crystals are blue, and absorb water, becoming red. Blue sym- 
pathetic ink is a solution of cobaltous chloride in water. Writing with 
this ink is colorless until heated, when formation of anhydrous salts 
makes it blue and visible. Green sympathetic ink is a solution of cobal- 
tous and nickelous chlorides. 

zmc. 

S., Zn; v., 2; A. W., 65.3. 

Occurrence. — In nature as zinc blende (ZnS), calamine (zinc sili- 
cate), and Smithsonite (ZnCOs). 

Preparation. — ^By heating the carbonate or oxide with charcoal 
and distilling the liberated metal. 

Properties.— A bluish- white, crystalline, brittle metal, slowly tar- 
nishing in the air, being covered with a film of oxide and carbonate. 
Heated to 130° C, zinc becomes malleable after cooling. Sheet zinc is 
thus made. At 300° C. losing its malleability, it may be powdered ; 
at 410° C. fuses ; and at higher temperatures volatilizes, and in the air 
burns with a greenish light. It is bivalent, forming owe series of usually 
colorless salts. 

Uses. — Metallic zinc in alloys; in galvanized iron as protective coat- 
ing ; and as a reagent in liberating hydrogen fix)m acids. 

COMPOUNDS OF ZINC. 
Zinc Oxide (Plores Zinci, Zinc-White, U. S. P.). 

M. P., ZnO ; M. W., 81 ; G. P., Zn=0. 
Properties. — ^A white amorphous tasteless powder, insoluble in 
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water, soluble in acids^ when strongly heated turns yellow^ but white 
again on ei>oling. 

Uses.^Ab a white pigmenti and in medicine for exterua] apphcation. 

Preparation. — By heating the carbonate : 

ZnOQa = ZnO + CO^. 

Zinc Hydroxide. 

Preparation.— Precipitates wlicn alkaU or ammoninm hydroxide is 
added to ssinc solutioniij, and m soluble in excess of the reagent* 

Zinc Chloride (Butter of Zinc, U. S. P.). 

M, F., ZnCl^; M. W., 136; G. F., Sln<^[- 

Preparation. — By dissolving sine or its carbonate in dilute hydro- 
chloric acid, and evaporating to tirynei^. 

Properties. —It is a deQcjnescent white |)owdcr or opaque masa, 
volatile, soluble in water and alcobol, and combines with proteina. 

Uses. — As a cauatic^ astringent, and preservative. 

Liquor Zinci Chloridi, U. S. P. , is a 50 per cent aqueous solution 
of the salt* 

Zinc Oxychioride.— Preparation.^ — By mixing from two to six 
parts of oxide with one of i^hbride^ forming a plastic mass, which 
rapidly hardens, and is used in dentistry. 

Zinc Oxyphosph ate*— Preparation. — By mixing excess of zinc 
oxide with plioRphoric acid; is similar to the oxychloride, and often 
replaces it in dcntistr>. The extent to which these mixtures form 
true chemir^l compounds is unknown. In both cases a great exeeaa ] 
of zinc oxide is used. 



Zinc Bromide. 



Br. 



M. F,, aaBr,j M. W,» 223.6; G. F., Zn<|; 

Preparation.— By dissolving ainc in hydrobromic acid. It resembles 
Kinc chloride ehemieally and physically* 

Zinc Iodide.— 

M. F., Znl, ; M. W., 319 ; 0. F.. Zn<J- 

Pekparattox.— B>^ dirt^ct combination of the elements in water* It 
resembles the chloride in general properties. 
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Zinc Carbonate (Zincl Carbonas Prsecipitatiun, U. S. P.). 

M. P,, 2(ZnG03).3(ZnOHJ ; M, W., and G. F., csiu not be stated becaufie 
me compoaition varies. 

Preparation akd Prdfeeties.— -By precipitating zim sulphate 
with siKlium earboBat^ iq boiling solution. The basic carbonate ia a 
white powder, odorless, tasteless, soluble lu a^ids and in ammonia water. 

Zmc Sidpliate (Wtite Vitriol, U. S. P.), 

M. P., Znm,JH/)i M. W,, 2S7J ; Q. F., Si\<Q>Zn. 

Preparation.— 'As Binall white cry stab, isomorphous with njagnp- 
amm MulDliat^^ajid soluble In water^ by evaporating a solution of zifie in 
difiite sulphuric acid. B'or unexplained reasons, zinc is not aeted on by 
concmtrated sulphuric acid. 

Uses. — An an astringent, gtiJnukntj mild caustic, and emetie. 



Zinc Phosphide.— 



Zq 



\.. 



M. P., Zn^P, ; M. W., 257.3 ; G. P., Zn 



A grayish-bkck powder formed by direct comhination when phos^ 
phorua k added to melted zinc. 

TOXICOLOGY OP ZINC SALTS. 

The anluhle salts are poisonous, and usually cause vomiting. 

Chemical Antidotes. — When vomiting is delayed, tlie stomach-tube 
should Ik3 used, and white of egg or tannic acid given lo form respec- 
tively harmless albuminate and tannate of sine. 



QualitatiTe AnalyslE of the Iron Group. 

This group is disjtinguished fi^om the alkali and alkaline eaktti 
metals by precipitating with ammonia water and ammonium sulphide, 
usually as sulphide. This precipitate h soluble in dilute acids, which 
distinguishes the group from the lead and arsenic groups, buth of which 
form sulphides ins^>bjble in dilute acid. The earth metals resemble tlie 
iron metals analytically, therefhre, the reactions of aluminum and 
eerium are included in the following summaiy. The iron and earlh 
metala form two class fj4 by the solubility of tlie hydroxides of manga- 
nese, zinc, cobalt, and nickel, formed by adding ammonium hydroxide to 
the respective solutionB in excess of the reagent and ammonium ehlo- 
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Reagent. 



1. Ammonium 

sulphide 

2. Ammonium 

hydroxide 

3. In excess of 

2 

4. Potassium 

hydroxide 



5. (NH4)aC0, 



6. In excess of 

4 and 5 

7. K4Fe(CN)« 



8. K:«Fe8(CN)„ 

9. KCNS 



Gboup Membebs. 



Ferrous. 



Black precip- 
itate 

Dirty green 
precipitate 

Insoluble 

Same as 
above 



White pre- 
cipitate 
darkens on 
boiling 

Insoluble 

Pale - blue 
precipitate 
turning 
darker 

Dark - blue 
precipitate 



Ferric. Chromium. Aluminum. Cerium. 



Black precip- 
itate 

Reddish- 
brown pre- 
cipitate 

Insoluble 

Reddish- 
brown pre- 
cipitate 



Same as 
above with 
evolution 
of C0« 

Insoluble 

Dark - blue 
precipitate 



Green-brown 

solution 
Dark red 



Green precip- 
itate 

Green precip- 
itate 

Insoluble 

Green precip- 
itate solu- 
bleinKOH. 
reprecipi- 
tated by 
boiling 

Green precip- 
itate and 
COa 

Insoluble 



White pre 

cipitate 
White pre 

cipitate 

Insoluble 

White precip- 
itate solu- 
ble in KOH 



Whiteprecip- 
itate and 
CO2 

Insoluble 



Whiteprecip- 
itate 

White precip- 
itate 

Insoluble 

Whiteprecip- 
itate in- 
soluble in 
KOH 



Whiteprecip- 
itate and 
CO2 

Insoluble 





Gboup Membebs. 


Reagent. 


Manganese. 


Zinc. 


Cobalt. 


Nickel. 


1. Ammonium 

sulphide 

2. Ammonium 

hydroxide 

3. In excess of 

2 

4. Potassium 

hydroxide 

5. In excess of 

4 

6. Ammonium 

carbonate 

7. In excess of 

6 

8. K4Fe(CN)« 

9. K«Fe2(CN)w 
10. KCNS 


Flesh-colored 
precipitate 

White precipi- 
tate 

Soluble 

White precipi- 
tate 
Insoluble 

White precipi- 
tate,darkens 
on standing 

Insoluble 

White precipi- 
tate 
Pale - brown 
precipitate 


White precipi- 
tate 

White precipi- 
tate 

Soluble 

White precipi- 
tate 
Soluble 

White precipi- 
tate 

Soluble 

White precipi- 
tate 

Pale brownish 
yellow pre- 
cipitate 


Black precipi- 
tate 

Blue precipi- 
tate 

Soluble 

Blue precipi- 
tate 
Insoluble 

Blue precipi- 
tate 

Soluble 

Grayish-green 
precipitate 

Deep brownish - 
red precipi- 
tate 

Color intensi- 
fied greatly 

Blue 


Black precipitate 

Green precipitate 

Soluble 

Green precipitate 

Insoluble 

Green precipitate 

Soluble 

Greenish-white 

precipitate 
Ycllowish-brown 

precipitate 

Color slightly in- 
tensified 
Red 


11. Borax bead 
and fused 
with salt 


Violet 
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ride. The hydroxides of iron, chromium, aluminum, and cerium are not 
soluble in ammonia. The two classes are summarized separately. 

Chromic acid salts form characteristic precipitates with certain 
metals. YeUow with barium and lead salts, BaCrO* and PbCr04 ; 
dark red with silver, Ag^CrO*; red with mercurous sadts, Hg2Cr04. 
Lead chromate is soluble m sodium hydroxide, but barium chromate is 
not. 

QUESTIONS. 

Which elements constitute the iron group of metals ? 

Which salts of these metals are soluble in water? 

How do the sulphides of these metals differ from the sulphides of the lead 
and arsenic metals? 

What is the valence of the different iron metals? State their general 
properties. 

How does iron occur in nature, and how is it obtained from the ore ? 

What are meant by pig-iron, wrought-iron, and steel ? 

What is reduced iron, and how is it obtained ? 

How many oxides does iron form, and how do they differ? 

How does ferric hydroxide differ from ferrous hydroxide, and how are they 
obtained ? 

What is ferric hydrate and magnesia used for? Show by equations its 
fbrmation. 

What are ferrates? 

Show by equation the formation of ferric chloride from iron. 

What is tinctura ferri chloridi ? 

What is dialyzed iron ? 

How is ferrous iodide obtained ? 

How is ferrous sulphide obtained ? 

How do soluble sulphides act on ferrous and ferric solutions? 

State common name, composition, mode of manufacture, and properties of 
ferrous sulphate. 

How is ferric sulphate made ? 

What is Monsel's solution ? 

How is ferrous carbonate manufactured ? 

What is the strength of saccharated ferrous carbonate and saccharated 
iodide of iron? 

How does the presence or absence of sodium acetate affect the action of 
sodium phosphate on ferrous sulphate solution ? 

How does manganese occur in nature ? 

Give names and composition of the oxides of manganese existing in a sejia- 
rate state, and those existing only in combination. 

State composition, properties, and uses of manganese dioxide. 

How is manganous sulphate made, and what are its properties? 

Show by equation the action of potassium permanganate and potassium 
dichromate in acid solution as oxidizing agents. 

How many oxides of chromium are known ? 

State common name, composition, mode of manufacture, and uses of potas- 
sium dichromate. 

How is chromic anhydride manufactured, and what are its properties? 

How is chromic hydroxide obtained, and what are its uses? 

How do cobalt and nickel occur in nature? What are the ordinary uses 
of these metals ? 
State the properties of zinc. 
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How is zinc oxide obtained, and what are its properties? 

How are zinc phosphide and iodide made ? 

State composition, mode of manufacture, and properties of zinc chloride. 

How are zinc oxycMoride and oxyphosphate made, and what are their 
properties and uses? 

State composition and mode of manufacture of zinci carbonas prsecipitatum. 

How do concentrated and dilute sulphuric acid affect zinc? 

What are the properties and composition of zinc sulphate? 

How may zinc, manganese, cobalt, and nickel be sejiarated from the other 
iron and earth metals? 

How are ferrous salts distinguished from ferric salts ? 

How is aluminum distinguished from cerium and chromium ? 

Give reactions for chromates. 

How may zinc be distinguished from manganese analytically ? 

Give distinguishing tests of cobalt and nickel. 



CHAPTER XIX. 

THE LEAD GROUP. 

Lead, Copper, Bismuth, Mercury, Silver, and Cadmium comprise 
this group. 

Group Characters. — ^When hydrogen sulphide is added to their 
solutions, they are precipitated as sulphides, insoluble in dilute acids, 
which distinguishes this from the iron group ; and insoluble in ammo- 
nium sulphide, therein differing from arsenic metals. All these metals 
also form insoluble carbonates, phosphates, oxides, hydroxides, and 
iodides, and a few insoluble chloriaes and sulphates. All their nitrates, 
most of their sulphates and chlorides are soluble, Their valences are 
not uniform. Several form two series of salts. These metals do not 
decompose water or dilute sulphuric acid ; heated with concentrated sul- 
phuric acid, form sulphates, usually liberating sulphur dioxide, and from 
nitiic acid liberate nitrogen dioxide, forming nitrates. 

LEAD. 

S., Pb; v., 2; A.W., 206.4. 

Occurrence. — In nature chiefly as galena (PbS). 

Preparation. — ^A mixture of oxide and sulphate with some un- 
changed sulphide is obtained by roasting the ore. On further heating, 
it decomposes to sulphur dioxide (SO2) and metallic lead : 

6PbS -f 130 = PKSO, + 3PbO + 2PbS -| 8SO2 ; 
PbSO^ + 2PbO + 2PbS = 5Pb + 3SO2. 

Properties. — ^Lead is a soft, white metal, easily fiiavbk^ Y^^\^ax*o\R» 
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acids, and used for pans and tubs for holding or convejdng acids — e, g.^ 
sulphuric acid chambers, and in several useful alloys, as type-me^, 
solder, etc. 

The Tozicology of Lead. 

The compounds of lead are directly poisonous. Lead-workers often 
suffer from chronic poisoning {painters colic). 

Sources op Poisoning. — A freauent source of lead-poisoning is 
water which has passed through lead pii)es or been collected in 
leaden tanks. Lead slowly oxidizes in the air. By contact with air 
and water, lead hydroxide is formed, slightly soluble in water. When 
the water contains carbon dioxide, or soluble carbonates or sulphates, 
an insoluble deposit of carbonate or sulphate of lead is formed, and 
no lead enters into solution unless the carbon dioxide be under press- 
ure, when some carbonate is dissolved as bicarbonate of lead. Nitrates 
and nitrites in water increase its solvent action on lead^ important facts, 
as drinking-water is often carried through lead pipes. 

Test for Lead in Water. — A dark color forms when HjS gas is 
passed through the water, evaporated to ^ or ^ its volume. 

Chemical Antidotes. — Sodium or ma^nesmm sulphate. 

Prophylaxis. — ^A little sulphuric acid m water. 

All three form insoluble lead sulphate, and owe their value as anti- 
dotes to this property. 

COMPOUNDS OF LEAD. 

Hardly any have great medicinal value. 

Lead Oxide (Litharge). — ^A reddish-yellow crystalline powder. 

M. P., PbO; M. W., 222.4; O. P., Pb=0. 

Preparation.— As powder by exposing melted lead to air-current, 
11 1 , . .X fonned. 

and in the arts. 

Red Lead.— Preparation.— As a red powder, by heatbg litharge 
in the air. 



and fusing the yellow powder (massicot) so fonned 
Used m making lead salts, lead plaster. 



Composition.— Probably PbO-Pb^O. 
Lead Dioxide. — 



M. P., PbO^ ; M. W., 238.4 ; O. P., Pb^ i 



This dark-brown powder is the insoluble residue left when red lead is 
acted on by nitric acid. 
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Lead Nitrate.— 

M.P.,Pb(N08)2; M.W., 330.4; G. P., ^^^«3>^b. 

The only soluble salt of lead and a mineral acid. 

Preparation. — ^By dissolving the oxide in c?<7Mte nitric acid. Lead 
and lead nitrate are insoluble in concentrated nitric acid. 

Lead Carbonate (White Lead).— 

M. P., 2(PbC0s)Pb(0H)a ; M. W., 773.2; O. P., C0<3>Pb. ho>^*'- 

Preparation. — As an insoluble powder, (1) by precipitating a lead 
solution with a soluble carbonate, or (2) by the simultaneous action of 
air, carbon dioxide, and acetic acid on lead. It is frequently adulterated 
with barium sulphate. 

Lead Iodide.— 

M. P., Pblj ; M. W., 460.4 ; G. P., Pb<J. 

Preparation. — As a heavy, bright-yellov^ powder, by precipitating 
a lead solution by potassium iodide ; is distinguished from lead chro- 
mate by being soluble in ammonium chloride. 

COPPER. 
S., Cu ; v., 2 ; A. W., 63.2. 

Occurrence. — In nature free, and as cuprite (CuO), copper pjTites 
(Ci^eSa), copper glance (CuS), and malachite (basic cupric carbonate). 

Preparation. — By roasting the ores and reducing the oxide with 
coke. From acidified solutions copper is reduced by iron. 

Properties. — Of red color, very malleable, it is one of the best 
conductors of heat and electricity, in dry air is unchanged, but in moist 
air ^rradually coats with green subcarbonate. 

Uses. — In many important alloys, brass, German silver, bronze, gun- 
metal, bell-metal. Babbitt-metal, and with gold and silver to add hard- 
ness to coins and ornaments. It is bivalent, forms two oxides, and 
two series of salts, aiprovs and cupric. 

COMPOUNDS OP COPPER. 
Cupric Oxide (Black Oxide of Copper). 

M. P., CuO ; M. W., 79.2 ; G. P., Cu -O. 

Preparation. — 1. By heating copper to redness in the air; 2. Bv 
heating cupric carbonate or nitrate ; and S. B^ \yi\\\\v^>(>s\fc'''^cofc^<5^^2^^ 
12— P. I. c. 
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tated cupric hydroxide (Cu(0H)2) obtained by adding sodium or potas- 
sium hydroxide to copper solutions : 

CuSO, -f 2NaOH = Cu(0H)2 + Na^SO^ ; 

Cu(OH)j, = CuO-}-H20. 

Cuprous Oxide (Red Oxide or Suboxide of Copper). 

Cuv 
M.F.,Cu20; M. W., 142.4; G. P., | >0. 

Q\V 

Preparation.— As a red powder, by heatine: (1) cupric oxide with 
copper or with charcoal; (2) cupric oxide with organic matter; or 
(3) boiling cupric hydroxide in alkaline solution with certain reducing 
agents : 

2CuO + C = Cup + 00. 



Cupric Sulphate (Blue Vitriol, Bluestone, U. S. P.). 

M. P., CuSO^.SH^O ; M. W., 249.2 ; O. P., S0,<3>Cu. 

Properties. — ^This important compound forms large transparent 
blue cr3rstaJs, easily soluble in water, having a nauseous taste, and at 
200° C. losing their water of crystallization, thus forming anhydrous 
cupric sulphate, a white powder, used for desiccation. 

PREPARATION.— 1. By dissolving the oxide in sulphuric acid ; 2. By 
roasting copper pyrites : 

CuO + H2SO4 = CuSO^ + H2O, 

Cupric Carbonate.— 

M. P., CuCOg ; M. W., 123.2 ; O. P., CX)<3>Cu. 

Preparation. — As a bluish-green powder, precipitated by adding 
sodium or potassium carbonate to solution of copper sulphate. Dis- 
solved in acids it is converted into the corresponding cupric salts. 

Ammonio-Copper Compounds. 

These are compounds of metallammoniums. hypothetical radicals, 
derived by substitution of hydrogen of ammonia by metals. 

When ammonium hydroxide is added to a cupric sulphate solution, 
the pale-blue precipitate dissolves in excess of the reagent, the solution 
turning deep blue by the formation of; 
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1. Cupric Tetrammoninin Snlpliate.— 

M. P., CuSO,(NHs), ; M. W., 227.2 ; O. F., >Cu >S0, ; or, 

2. Cupric Diammonium Snlphate.— 

M. F., CuSO^CNHs), ; M. W., 193.2 ; G. P., ^Cu >S0,. 

Hj^N^ 

Similarly cupric chloride (CuCl,) and ammonium form : 

1. Cupric Diammonium CMoride. — 

Hj^N—Cl 
M. P., CuCl,(NH3), ; M. W., 168.2 ; O. P., >Cu ; 

2. Cupric Tetrammonium Chloride.— 

M. P., Cua,(NH3), ; M. W., 202.2 ; O. P., >Cu ; 

H,=N-a 

3. Cupric Hexammonium Chloride.— 



M. p., Cua,(NH3)e; M. W., 236.2; G. P., 

H3=N 



Ncu. 



Hj^N— Cl 



The Toxicology of Copper. 



The salts of copper are poisonous. 

Chemical Antidotes. — After emptying the stomach, white of egg, 
reduced iron, and potassium ferrocyanide. 
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Sources op Poisoning. — Sometimes used to color food. It usually 
enters the food from oxidized cooking utensils. Perfectly clean, bright 
copper is not acted on by foods. 

BISMUTH. 
S., Bi; v., 3 or 6; A. W., 209. 

Occurrence. — ^In nature as sulphides and oxides, but chiefly as the 
metal, and frequently mixed with arsenic. 

Properties. — ^The metal is used in alloys and in salts, is extremely 
diamagnetic, slightly oxidized by the air, volatilizes at nigh tempera- 
tures, and is trivalent or quinquivalent 

COMPOUNDS OF BISMUTH. 
Oxides of Bismuth. 

Like nitrogen, bismuth has four oxides : 

Name. M. F. M. W. O. F. 

1. Bismuth dioxide BijOj 450 Bi^ ^BL 

XK 

2. Bismuth oxide B\Jd^ 466 Bi^-^BL 

XK 

3. Bismuth tetraoxide . . , BiA 482 Bi^^BL 



A 

4. Bismuth pentaoxide BijOs 498 Bi^;;O^BL 

The salts of BioOs are the most important. 

A concentratecf solution of a normal salt of bismuth, poured into 
much water, partiallv decomposes and precipitates the svb- or oo^-salt. 

The structure of these salts is not certainly known; they are assumed 
to be salts of the univalent radical hismiithyl, BiO. For this reason the 
molecular formula, molecular weight, and graphic formula of each of the 
following bismuthyl salts have been omitted. 
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Bismnthyl Nitrate (Subnitrate of Bismuth). 

Preparation. — ^As a heavy, white, tasteless powder, very sparingly 
soluble in water, soluble in most acids, by dissolving metallic bismuth in 
nitric acid, and pouring this bismuth nitrate solution into much water : 

Bi + 4HN08 = Bi(NOs)s + NO + 2H2O ; 

Bi(NO,), -h 2H,0 = BiON03.H,0 + 2HN0,. 

The nitric acid of the latter decomposition keeps some bismuth in solu- 
tion. 

Bismnthyl Carbonate (Snbcarbonate or Oxycarbonate 
of Bismuth, Pearl White). 

Preparation. — ^This white or yellowish- white powder, precipitates 
with evolution of carbon dioxide when an alkali carbonate is added to 
bismuth nitrate solution : 

2(Bi(NOs)8) + 3K2CO3 + Hfi = 6KNO3 + 2OO2 + (BiO)a0O3.H2O. 

On heating it loses water and carbon dioxide, forming the yellow oxide 
of bismuth, BijOs. 

Bismuth Iodide (Subiodide of Bismuth). 

Preparation. — ^Precipitates as a red powder by pouring a solution 
of bismuth nitrate in acetic acid into a solution of potassium iodide and 
sodium acetate : the latter prevents the formation of free nitric acid, 
which would decompose the subiodide: 

2Bi(N0,), + 2H2O + 2KI -f 4NaC2Hs02 = 2BiOI -f 4NaN05 + 
2KNO3 -h 4C2H5O2 H- 4H. 



MEBOUBY (QUIOKSILVEB). 

S., Hg; v., 2; A. W., 200. 



Occurrence. — ^The only liquid metal. In nature, as such, in small 
quantities, but usually as cinnabar (HgS). 

^ Preparation.— From the sulphide, (1) by roasting or (2) distilling 
with lime. 

Properties.— Freezes at —40° C. ; boils at 357° C: slightly volatile 
at all temperatures, silver white and lustrous ; Sp. G. 13.56. The vapor 
is only one hundred times heavier than hydrogen, although the molecular 
weight is 200. Therefore the molecule of gaseous mercury is supposed to 
contain one atom. 
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It is bivalent, and forms mercurom and mercuric salts. The structure 
of mercurous and mercuric chloride is assumed to be 

1. Mercuric chloride, HgCls, 2. Mercurous chloride, HgjClt, 

Mercury is oxidized in the air, insoluble in hydrochloric and dilute 
sulphuric acids, soluble in nitric and concentrated sulphuric acids, and 
combines directly with iodine, chlorine, and bromine. 

Uses. — As metal in making scientific instruments (thermometere, 
barometers, etc.), and amalgams (tin amalgams for looking-glasses) ; in 
preparing mercury and chalk, mercurial ointment, mercurial plaster, and 
blue mass (U. S. P. ), and the various compounds of mercury. 

COMPOUNDS OF MEROUBY. 
Mercurous Oxide (Black Oxide of Mercury). 

M. F.,Hg20; M. W.,416; G. F-* I >0. 

Properties and Preparation. — As an insoluble black powder by 
the action of hydroxides of alkalies or alkaline earths on mercurous 
compounds : 

Hg^Cla + Ca(0H)2 = CaQ^ + Kfi + Hgfi. 

Black Wash, U. S. P. , is formed by mixing lime water and mer- 
curous chloride. 

Mercuric Oxide. 

M. F., HgO; M. W., 216; G. F., Hg=0. 

Forms.— Two, differing in molecular structure according to their 
source : 

1. Yellow Mercuric Oxide, U. S. P.— Preparation. —By mixinaj 
solutions of mercuric chloride and of hydroxide of an alkali or alkaline 
earth metal: 

HgCl^ + 2NaOH = 2NaCl -f- Hfi + HgO. 

The orange-yellow, heavy precipitate is dried at 30° C. 

2. Red Mercuric Oxide, U. S. P.— Preparation.— As a compact, 

crystalline substance, by heating the nitrate, or a mixture of the nitrate 
and metallic mercury : 

IIg(N03)2 + Hg = 2HgO + 2N0,. 

YeUow Wash, TJ. S. P. , is a suspension of yellow oxide of mercury 
formed by adding mercuric chloride to lime water. 
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Mercurous Chloride (Calomel, Mild Chloride of Mercury, 
Subchloride or Protochloride of Mercury (U. S. P.)). 



M. P., Hg,Cl,; M. W., 471; O. P., [ 

Her— < 



Hg-Cl 

:g-ci 



Preparation.— By subliming a mixture of mercuric sulphate with a 
quantity of mercury equal to that contained in the sulphate and sodium 
chloride : 

HgSO^ -f Hg + 2NaCl = Na^SO^ + HgjClj, ; 

and washing with hot water to remove remaining mercuric chloride. 

Properties. — ^This heavy, white, insoluble, tasteless powder, volati- 
lizes without fusing, easily decomposes by mineral acids, and alkali 
iodides, bromides, hydroxides, and carbonates, which should not he ad- 
ministered with it unless the action of the decomposition-prodiicts is 
desired. 

Mercuric Chloride (Corrosive Chloride of Mercury, 
Corrosive Sublimate, Perchloride or Bichloride of 
Mercury, U. S. P.). 

M. P., HgCl^; M. W., 271 ; G. P., Hg<^- 

Preparation. — By subliming a mixture of mercuric sulphate and 
sodium chloride: 

HgSO^ + 2NaCl = HgCl^ + Na^SO,. 

Properties. — This white powder, soluble in water, alcohol, ether, 
and glycerin, forms heavy, colorless crystals, fuses at 265° C, volatilizes 
at 295° C, and has metallic taste, acid reaction, strong antiseptic and 
poisonous properties. 

Mercurous Iodide (Yellow Iodide, Green Iodide, Proto- 
iodide of Mercury, U. S. P.). 

Hg-I 
M. P., Hg^I, ; M. W., 654 ; O. F., | 

Hg-I 

Preparation. — 1. By direct combination of the elements. 2. By 
precipitatinfr mercurous solutions with potassium iodide. 

Properties. — This yellow powder, insoluble in water, is unstable, 
easily decomposing into mercuric iodide and mercury. Exposure to 
light during its preparation soon causes its decomposition. 
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Mercuric Iodide (Red Iodide or Biniodide of Mercury, 

U. S. P.). 

M. F., Hgl, ; M. W., 454 ; G. P., Hg<J- 

Preparation. — As a red powder, by adding potassium iodide to 
mercuric chloride. It dissolves in excess of either salt, forming a color- 
less solution. 

Mercurons Sulphate.— 

M. P., Hg,SO,; M. W., 496 ; O. P., So/ | • 

X)-Hg 

Preparation. — By triturating mercuric sulphate with mercury. 
Mercuric Sulphate. 

M. P., HgSO, ; M. W., 296 ; G. P., S0,<3>Hg. 

Preparation. — As a heavy white crystalline powder by dissolving 
mercury in concentrated sulphuric acid: 

Hg + 2H2SO, = HgSO, -f 2H2O + SO,. 

Yellow Mercuric Subsulphate (Basic Mercuric Sulphate, Tur- 
peth Mineral, Mercuric Oxy sulphate, U. S. P.).— 

M. P., HgS04(HgO)2; M.W., 727.4; G. P., not determined. 

Preparation. — As a lemon-yellow tasteless powder, almost insoluble 
in water, by adding mercuric sulphate to boiling water. 

Mercurous Nitrate.— 

Hg-ONO, 
M. P., Hg,(N03), ; M. W., 524 ; G. P., | 

Hg— ONO, 

Formed by dissolving mercury in nitric acid, with excess of mercury. 

Mercuric Nitrate.— 

M. P.,ng(N03),; M.W.,324; O. P., Hg<g^g« . 

Formed when excess of nitric acid acts on mercury. Both nitrates 
are decomposed by water, forming basic salts. 

Mercuric Sulphide. 

M. P., HgS ; M. W., 282 ; G. P., Hg=a 
Occurrence. — In nature as cinnabar, a red mineral. 
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Preparation. — When hydrogen sulphide acts on mercuric salts it 
forms black mercuric sulphide. JBy sublimation of this the crystalline 
red sulphide (vermilion or cinnabar) is made. 

Mercurous and mercuric sulphides form also by direct union of 
the elements in proper proportions. 

Ammoniated Mercury (White Precipitate^ U. S. P.). 

Hv /CI 
M. P., NH,Hga ; M. W., 251.2 ; G. P., /^\ • 

Obtained as a white powder by pouring a solution of mercuric 
chloride into ammonia water: 

HgClj + 2NHPH = NH^HgCl + NH^Cl -\- 211,0. 

Properties. — ^This metallammonium compound may be looked on as 
ammonium chloride in which two atoms of hydrogen have been replaced 
by mercury. 

The Toxicology of Mercury. 

Very many compounds of mercun^ are poisonous. 

Chemical Antidote. — White of %gg (albumin) should be given (in 
small quantities at a time to avoid redissolving the precipitate first 
formed) and promptly followed by an emetic or lavage. 

SILVER. 

S., Ag; v., 1; A. W.,108. 

Occurs in nature occasionally as the metal, more often as sulphide, 
usually combined with lead sulphide (argentiferous galena). 

Preparation. — ^By roasting this ore in a current of air. The lead 
is converted to litharge and the silver is freed. 

Properties. — Silver is the whitest metal, takes the highest polish, 
is the best conductor of heat and electricity, is not oxidized in the air, 
but is coated with a film of black sulphide in air containing hydrogen 
sulphide, dissolves in nitric and sulphuric acids, but not in hydrochloric 
acid, is univalent, and forms one series of salts. 

ALLOTROPIC MODIPICATIONS OP SILVER. 

Silver is the only metal with allotropic modifications, which are chiefly 
obtained by reduction of its salts, and differ from ordinary silver — (1) 
by having various colors (blue, greenish blue, red, purple, yellow) ; (2) 
by being converted into chloride by hydrochloric acid; (3) by solubility 
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in ammonia ; and (4) hy reducing certain oxidizing agents. They are 
converted into ordinary silver by strong acids, heat, electricity, and other 
forms of energy. 

Alloys of sUver and copper, used for coin, contain 5-25 per cent, of 
copper, for hardness. 

COMPOUNDS OF SILVER. 
Silver Nitrate, U. S. P. 

M. P., AgNO, ; M. W., 170 ; G. P., JN-O-Ag. 

Properties. — ^Forms colorless, transparent crystals, soluble in less 
than their own weight of water. Exposed to light, or in contact with 
animal matter, silver nitrate decomposes and blackens, because of the 
separation of metallic silver. The caustic action of silver nitrate is due 
to its separation into silver and nitric acid by the tissues. 

Preparation. — By dissolving silver in nitric acid and crystallizing 
the solution. When prepared from coin alloy, the cupric nitrate formed 
is removed by evaporating the solution to dryness and ^sing the resi- 
due ; thus the cupric nitrate is converted into cupric oxide, and the silver 
salt is dissolved from the fused mass and the solution crystalHzed. 

Uses.— As a caustic, and largely in photography, and in the manu- 
facture of indelible ink and hair-dye. 

Moulded Silver Nitrate (Caustic, Lunar Caustic, Lapis Infer- 
nalis, U. S. P.). — Obtained by fusing a mixture of silver nitrate and 
4 per cent, hydrochloric acid, and pounng it into moulds to form white 
cylindrical sticks. 

Diluted Silver Nitrate (Miti^^ated Caustic, U. S. P.).— 
Obtained by fusing silver nitrate with twice its weight of potassium 
nitrate. 

Ammonio-Silver Nitrate is formed by adding enough ammonia to 
silver nitrate solution to dissolve the precipitate first formed. 

Silver Oxide. 

M. P., Ag,0; M. W., 232 ; O. P., ^|>0. 

Properties. — A dark -brown powder, sparingly soluble in water, 
with weak alkaline reaction, is a strong base, easily decomposes into 
silver and oxygen. 

Preparation. — By the action of an alkali hydroxide on silver nitrate : 

2AgNOs + 2NaOH = 2NaN03 + Hfi + AgA 
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Silver Iodide. 

M.F.,AgI; M.W.,235; G. P., Ag-I. 

Properties.— An amorphous yellowish powder, insoluble in water, 
slightly so in ammonium hydroxide. 

Preparation.— By decomposition of silver nitrate by potassium 
iodide : 

AgNOa -h KI = KNOs + Agl. 

Silver Bromide. 

M.F.,AgBr; M. W.,188; G. P., Ag-Br. 

Silver Chloride. 

M. P., AgCl ; M. W., 143.5; G. P., Ag-Cl. 

Preparation. — ^By analogous decomposition. Silver chloride is 
insoluble in water and acids, soluble in ammonia water. Actinic rays of 
light decompose halogen compounds of silver, changing their color to 
violet, brown, and finally black, the iodide and bromide being more sen- 
sitive than the chloride. 

OADinUM AND COMPOUNDS OP OADMIUM. 

S.,Cd; v., 2; A.W.,112. 

Properties. — ^Resembles zinc physically and usually occurs in nature 
associated with zinc. 

Cadmium Sulphide.— 

M.P.,CdS; M.W.,144; G. P., Cd=.S. 

A yellow compound used as a pigment. 

Cadmium Iodide. — 

M. p., Cdl, ; M. W., 366 ; G. P., Cd<J. 
Like the sulphide is sometimes used in medicine. 



Qualitative Analysis of the Lead Group. 

tals may be divided into two classes, by the beha 

^ on addition of ammonium hydroxide. Lead, b 

mercury form precipitates insoluble in excess of the reagent, but the 
copper, silver, and cadmium precipitates are soluble. The analytical 
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reactions of each of these two classes and of mercuric and mercurous 
compounds are summarized in the following tables. 



Subclass I. 



Reagents. 


Group Members. 


Lead. 


Bismuth. 


Mercuric Salts. 


Mercurous Salts. 


HgS 

KOH 

NH4OH 

In excess of 

reagent 
NaaCOs 

KI 

In excess of 

reagent 
KaCrO* 

HCl 


Black precipi- 
tate 

White precipi- 
tate 

White precipi- 
tate 

Insoluble 

White precipi- 
tate 

Yellow precipi- 
tate 

Sparingly solu- 
ble 

Yellow precipi- 
tate 

White precipi- 
tate soluble 
in hot water 

White precipi- 
tate 


Dark -brown 
precipitate 

White precipi- 
tate 

White precipi- 
tate 

Insoluble 

White precipi- 
tate 

Brown precipi- 
tate 

Insoluble 


Black precipitate 

Yellow precipi- 
tate 

White precipi- 
tate 

Insoluble 

Reddish-brown 

precipitate 
Red precipitate 

Soluble 

Orange precipi- 
tate 


Black precipitate 
Black precipitate 
Black precipitate 
Insoluble 

Yellowish precipi- 
tate 

Yellowish -green 
precipitate 

Partly soluble 

Red precipitate 

White precipitate 
darkens with am- 
monia 

White precipitate 


H2SO4 













Subclass II. 



Reagents. 




Group Members. 




Copper. 


Silver. 


Cadmium. 


KOH 

NH4OH 

In excess of reagent 
Na^COa 

KI 

K2Cr04 

HCl or soluble chlo- 


Black precipitate 
Blue precipitate 
brown on boilinj? 
Pale-blue precipi- 
tate 
Dark-blue solution 
Greenish-blue pre- 
cipitate 
Yellow precipitate 

Orange precipitate 


Black precipitate 
Brown precipitate 

Brown precipitate 

Colorless solution 
Pale-yellow precipi- 
tate 
Pale-yellow precipi- 
tate 
Dark-red precipitate 
White precipitate 
soluble in am- 
monia 


Yellow precipitate 
White precipitate 

White precipitate 

Colorless solution 
White precipitate 


rides 







QUESTIONS. 

How do the metals of the lead group differ from the iron and arsenic 
groups? How do they act on sulphuric and nitric acids? 

State symbol, valence, physical and chemical properties of lead. 
How may a lead pipe contaminate drinking-water? 
How may the presence of lead in water be demonstrated ? 
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State composition, properties, and mode of manufacture of litharge and 
red lead. 

In what property is lead nitrate diflferent from the other lead salts of 
mineral acids ? 

How is lead carbonate formed, and what are its properties ? 

How is lead iodide made, what are its properties, and how is it dis- 
tinguished from lead chromate ? 

State occurrence in nature, and physical and chemical properties of copper? 

How many series of salts does copper form ? 

State composition, mode of manufacture, properties, and uses of black 
oxide of copper and cuprous oxide. 

How is blue vitriol obtained ? State its comx>osition and properties. 

How is anhydrous cupric sulphate obtained? 

What are metallammoniums? 

Mention name and composition of the aramonio-cupric sulphates. 

What is the valence of bismuth, and what element does it resemble in its 
compounds with oxygen ? 

What is meant by bismuthyl compounds, and how are they obtained ? 

Show by equation the formation of bismuthyl nitrate. 

How does mercury occur in nature ? 

State physical and chemical properties and uses of mercury. 

What is the valence of mercury, and how many series of salts does it form ? 

State composition, mode of manufacture, and properties of the three 
oxides of mercury. 

What are black wash and yellow wash ? 

How is mercuric chloride made, and what are its properties? 

How is mercurous chloride made? 

State composition, mode of manufacture, and properties of mercurous and 
mercuric iodides. 

How is mercuric sulphate made, and what are its properties? 

What is turpeth mineral, and how is it made ? 

State composition and mode of manufacture of the nitrates of mercury. 

What is vermilion ? 

What are the composition and mode of manufacture of white precipitate ? 

State physical and chemical properties of silver. 

What is coin alloy ? 

How is silver nitrate made from pure silver, and from coin? 

What are lunar caustic, and mitigated caustic ? 

How may mercurous be distinguished from mercuric salts ? 

State reactions for distinguishing the metals of the lead group from each 
other. 



CHAPTER XX. 

THE ARSENIC GROUP. 

Arsenic, Antimony, Tin, Gold, Platinum, and Molybdenum com- 
prise this CTOup. 

Group Properties. — Hydrogen sulphide added to a solution of any 
of them precipitates the sulphide, insoluble in dilute acids, soluble in 
ammonium sulphide or alkali hydroxides, due to the formation of solu- 
ble double compounds. 
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The properties of the sulphides and the tendency of the oxides to 
form acids are the chief points of similarity between these metals. 
Arsenic and antimony are more closely related than any of the others. 
They resemble the non-metals nitrogen and phosphorus in valence, 
being either tri- or pentavalent, and m several compounds, arsenic re- 
sembles phosphorus in containing four atoms to the molecule. 

The sulphides of arsenic are yellow, of antimony orange, of tin brown 
or yellow, of gold and platinum brown in color. 

ARSENIC. 

S., As ; v., 3 or 5 ; A. W., 75. 

Occurrence. — In nature chiefly as mispickel (FeSAs), realgar 
(A&jSz), and orpiment or auripigment (AsaSg). 

Properties. — It is steel-gray, brittle, odorless, volatilizes without 
fusing at 180° C. if air is excluded ; bums with a bluish- white light in 
the air. forming arsenous oxide, is easily converted into the oxide by 
exposure to air (for this reason water digested with arsenic will soon con- 
tain arsenous oxide, formed by the action of the oxygen absorbed in the 
water). 

Uses. — As metal in alloys and fly-poison. 

COMPOUNDS OF ARSENIC. 

Arsenous Oxide (White Arsenic, Arsenic Trioxide, 
Arsenous Anhydride, Rats' Bane). 

A&r=0 
M. F., AsA ; M. W., 198 ; G. F., >0 

Preparation. — As a by-product in the roasting of ores of other 
metals containing arsenic, when it volatilizes, and is collected in cham- 
bers or long flues. 

Properties. — A white, crystalline powder, or a transparent mass, 
volatile at 218° C. without previously melting ; recently sublimed [vitre' 
ous arsenous oxide) ^ it is a transparent mass, gradually becoming opaque, 
by a rearrangement of the molecules into crystals, which may hie seen 
under the microscope. 

Arsenous Acid. 

/OH 
M. F., H3A8O3 ; M. W., 136 ; G. F., As^H. 

\0H 

Preparation. — By dissolving arsenous oxide in water: 

A82O3 + 3H2O ■= 2H5ASO3. 

The acid is known only in solutions \tv ^^tter. 
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Hetarsenons Acid.— 

M. F., HAsO, ; M. W., 108 ; G. F., As/ 

'OH 

Occurrence. — Known only in salts — e. g., sodium metarsenite. 
Preparation. — By the action of arsenous oxide on sodium hy- 
droxide : 

2NaOH + A82O3 = 2NaA802 + H^O. 

Liqnor Acidi Arsenosi, U. S. P., is a 1 per cent, solution of AsjOj 
in water containing 0.5 per cent, of dilute hydrochloric axjid. 

Liqnor Potassii Arsenitis (Fowler's Solution), U. S. P., is a solu- 
tion of potassium metarsenite made by dissolving 1 per cent, arsenous 
acid and 2 per cent, potassium bicarbonate in water containing 3 per 
cent compound tincture /of lavender. 

Arsenic Oxide (Arsenic Pentoxide, Anhydrous Arsenic 

Acid). 

As^O 

m. f., a82o5 ; m. w., 230 ; g. f., \). 

a4=o 

Preparation. — ^By expelling water by heat from arsenic acid: 

2H3A8O4 = AsjOj + 3HjO. 

Properties. — ^Resembles phosphoric oxide closely, uniting with 
water in varying proportions mto ortho-, pyro-, and metarsenic acid. 
The last two, dissolved in water, pass at once into : 

Orthoarsenic Acid (Arsenic Acid).— 

/0-H 
M. F., H3A8O4 ; M. W., 142 ; G. F., O^Asf O— H. 

\0-H 

Preparation. — ^By heating arsenous oxide with nitric acid : 
3A8jOs -f 4HNO3 + 7H2O = 6H3ASO4 + 4N0. 

Disodinm-Hydrogen Arsenate (Sodinm Arsenate). 

NaOx 
M. F., Na,HAs04.7H,0 ; M. W., 311.9 ; G. F., NaO ;As=0. 

OH/ 

Preparation.— By fusing arsenous oxide with sodvvwxv Qa:t\^'«ai<fc 
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and nitrate, and dissolving the sodium pyroarsenate so formed in water 
and crystallizing : 

A82O3 + 2NaN03 + Na,C03 = Na^As^O^ + NjOj + CO, ; 

Na^AsaO^ + 15H,0 = 2(NajHA804.7H,0). 

Liqnor Sodii Arsenatis, U. S. P., is a 1 per cent, solution in water. 

Hydrogen Arsenide (Arsine, Arsenuretted Hydrogen). 



H 



M. F., ASH3 ; M. W., 78 ; G. F., A^H. 

Preparation.— By nascent hydrogen acting on the oxides of arsenic, 
arsenic acid, or their salts. 

Properties. — ^A colorless, very poisonous gas, with an odor like 
garlic, and burning to white clouds of arsenous oxide with a bluish 
flame whose structure resembles the ordinary flame, the carbon being 
replaced by arsenic : therefore^ a deposit of metallic arsenic occurs on a 
coldplate 0/ porcdain held in this flame. 

When passed through a red-hot tube arsenic oxide is decomposed, 
the arsenic being deposited as a bright metallic ring in the cooler part 
of the tube. 

Arsenic Disulphide (Realgar); Arsenic Trisniphide 
(Orpiment). 

M. F., As^Sa, AS2S3; M. W., 213.8, 245.8; 

As=S As^S 
G. F., I ; >S, respectively. 

As=S As4:S 

Properties. — ^The disulphide is orange-yellow, and the trisulphide 
is golden-yellow, and both are fusible and volatile substances, and com- 
bine with other metallic sulphides into double salts called stdpharsenidex, 

Arsenons Iodide. 

M. F., A8T3; M. W., 456; G. F., Asf I. 

I^EPARATION. — ^By direct combination of the elements. 
Donovan's Solution, U. S. P., is a watery solution of 1 per cent 
each of arsenous iodide and mercurous iodide. 
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Toxicology of Arsenic* 

Ai-senic and its (joiupQurids arti poisonous. 

CunMiCAL Antidotes. — JIaist, fresbly prejtared ferric hydroxide, or 
ferric hydrate and magneJiia, or dialyzed iron, Ibrms iutsoluble ferric 
arsenibe or arsenate. Prompt etneaia or lava^^^e should follow* 

Tests fob Arsenic-— - In casea of suspected poiaoninp: by anienic, 
the stomaoh contents^ or other organic material (liver, kidoeys, etc), 
should be cut into pieces, well mashed and mixed witli water, and 
heated over a water- bath with potusaium chlnrate and hydrocblorio 
acid until the misture m uniformly yellow, and all free chlorine elimi- 
nated. The clear aolutioti h treated with hydrogen sulphide gas for 
several hours, the precipitato is heated with ammonium aulphide solu- 
tion, and this sfdution nltered, and the filtrate evaporated to drj^ness. 
The residue so obtained is fused with sodium carbonate and nitrate, and 
the fused maag di solved in warm water. With this final solution tho 
following tests are made : 

I. 3I(irsIis fejit. permits the collection of the total arsenic present, and 
is therefore a qwmtitfitwf and qiuih'fatwe test. 

(a) Qualitative Marsh's TesL—l^he Marsh apparatm (Fig. 2(1) eou- 

Fio. 20. 




MftEsli'is apparatus fur detection of araenic. 

msta of ft glass vessoh provided with a funnel- tnlie and a right- an ^'Ic de- 
Ufflfy-tuhe eonnecting it with a wider tube containing calcium chloride or 
some other drying material. This tube m ccmnccted with a combiij^tion- 
tul)e alMiut 40 em. long, about I cm, in diameter, and drawn out at inter- 
vals of ]<^ cm. to half this diameter. 
13— P. I, t\ 
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Hydroj?en is generated in the glass vessel by the action of dilute sul- 
phuric acid on zinc, and, after the air has been driven from the appara- 
tus, is ignited at the end of the tube. The suspected solution is now 
passed into the vessel through the funnel-tube and the flame assumes the 
characteristics of burning arsenic. The spot deposited on a plate must 
be differentiated from similar spots deposited from burning antimoniated 
hydrogen: (1) by treating the spots with solution of a hypochlorite. 
When arsenic the spots dissolve, but antirrMmy spots are unchanged; 
(2) by dissolving the spots with nitric acid, evaporating to dryness, and 
moistening the residue with silver nitrate, arsenic spots turn red, anti- 
monv spots remain white. 

(b) Quantitative Marsh's Test. — ^The glass tube is heated to redness 
at two of its wide parts so as to decompose the arsenuretted hydrogen. 
The arsenic solution should be added slowly so as to avoid the production 
of more arsenuretted hydrogen at a time than can be decomposed. To 
avoid loss of arsenic by overproduction, the end of the tube is inverted 
into a solution of silver nitrate, which reacts with arsenic, forming silver 
and arsenous acid. 

II. Gutzeit's test is made in a test-tube provided with a cap of 
three thicknesses of filter-paper. Hydrogen is generated by zinc and 
dilute sulphuric acid, and a few drops of the suspended solution added 
and the cap fastened over the mouth of the tube. The upper paper of 
the cap is moistened with a saturated solution of silver nitrate contain- 
ing 1 per cent, nitric acid and the apparatus placed in a dark place for 
some time. In the presence of arsenic a yellow stain develops on the 
paper. When the yellow stain is moistened with water the color 
becomes brown or black. The yellow color is due to the formation of 
the compound AggAs^AgNOaJs, which is decomposed by the addition of 
water, forming metallic silver, arsenous and nitnc acids. 

Antimonetted hydrogen in Gutzeifs test produces a dark spot on the 
paper, but causes no yellow color. 

III. Fleitmann s test is made as the foregoing, except that the hy- 
drogen is evolved by action of a solution of an alkali hyaroxide on zinc. 
The stain is black or brown, and is developed at a temperature of about 
90° C. Antimony compounds do not form antimonetted hydrogen in 
alkaline solutions and consequently do not interfere. 

IV. ReinscKs test is made by immersing a bright piece of copper in 
the acidified, suspected solution of arsenic and heatinff. The copper will 
be coated with a steel-gray deposit of arsenic, which is volatilized by 
heat, forming a sublimate of octahedraL crystals. An^mqny fonns a 
bluvih deposit on copper, and when volatilized forms an amorphous sub- 
limate. 

ANTIMONY (STIBIUM). 

S., Sb; v., 3 or 5; A. W., 120. 

Occurrence. — In nature as the trisulphide, SbiSj, stibnite, black 
antimony, or crude antimony. 
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Preparation. — By h)asting the ore, and reducing with charcoal. 

Properties. — ^This bluish-white metal fuses at 450° C, volatilizes at 
higher temperatures without the access of air. In air it bums when 
heated. 

Uses. — In many alloys. 



COMPOUNDS OF ANTIMONY. 
Antimonous Sulphide (Antimony Trisulphide). 

Sb^S 
M. P., Sb^Ssj M. W., 336; G. P., >. 

Sb4S 

Occurrence. — In nature usually mixed with other ores. 

Preparation.—^!) From these ores by heating. The antimonous 
sulphide melts and is poured off, cooling as steel-gray masses, or a gray- 
ish-black lustreless powder, or as an orange powder. (2) By adding sul- 
pnuretted hydrogen to an antimonous solution. On heating, this orange 
sulphide becomes black sulphide. 

Glass of antimony or crocus is obtained by roasting the native sul- 
phide in air until partially decomposed and fused into a vitreous mass. 

Antimonii Sulphidnm Pnrificatum (U. S. P.).— Preparation.— 
By treating powdered antimonous sulphide with ammonia water for five 
days, washing and drjring, thus removing all traces of arsenic. 

Sulphurated Antimony (Oxysnlphide of Antimony, Kemes 
Mineral, U. S. P.). — ^Preparation. — By dissolving purified antimo- 
nous sulphide in sodium hydroxide solution and addmg sulphuric acid 
as long as a precipitate forms. 

Properties. — ^This reddish-brown powder is a mixture of antimo- 
nous sulphide and a little antimonous oxide, in inconstant proportions ; 
therefore, no molecular formula, molecular weight, and graphic formula 
may be given. 

Antimonic Sulphide (Golden Sulphnret of Antimony, 
Antimony Pentasulphide). 

Sb^S 
M. P., Sb^Sj ; M. W., 400 ; G. P., >S. 

Sb^S 

Preparation. — Aa a red powder, by precipitating acid solution of 
antimonic salts with sulphuretted hydrogen. Antimonous and antimonic 
sulphides and oxides, like similar arsenic compounds, unite with other 
metallic salts to form sulpho- or oxy-salts. 
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Antimonous Chloride (Butter of Antimoiiy). 

/Cl 
M. F., SbCl, ; M. W., 226.5 ; G. F., Sb^Q • 



Preparation. — As a white crystalline, semitransparent mass, melt- 

ioride. 



ing at 74° C. into a yellow oily liquid, by dissolving native sulphide m 
hydrochloric acid, evaporating the solution, and distilling the chl( 



Antimonic Chloride. 

/a 

M. F., SbClj ; M. W., 297.5 ; G. F., Sb^Cl- 

Preparation. — ^As a fuming liquid by passing chlorine over anti- 
monous chloride. 

Antimonyl Chloride (Powder of Algaroth).— 

M. F., SbOa ; M. W., 171.5 ; G. F., Sb<^ • 

Preparation. — ^With some antimonous oxide, by pouring a con- 
centrated solution of antimonous chloride in much water: 

SSbCls + 4H2O = SbOa + SbjO, + HCl. 

Structure. — Analogous to bismuthyl salts, being salts of the radical 
antimonyl (SbO). 

Antimonous Oxide. 
M. F.,SbA; M. W.,288; G. F., >0- 

Preparation. — As a heavy grayish-white powder, by treating the 
foregoing precipitate with sodium carbonate : 

2SbOCl H- Na,,C03 = Sb A + 2NaCl + 00,. 

Properties. — Insoluble in water, soluble in hydrochloric acid and 
warm solution of tartaric acid. 

Tartar Emetic (Potassium Antimonyl Tartrate, U. S. P.);— 
Preparation. — By dissolving the moist and freshly precipitated oxide 
in potassium bitartrate solution. 
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Toxicology of Antimony. 

The salts are poisonous. 

Chemical Antidotes. — ^Tannic acid or freshly prepared ferric hy- 
droxide. The salts of antimony usually cause vomiting, but if this 
does not occur, lavage must be done. 

Tests.— See Arsenic. 

TIN (STANNUM). 
S., Sn; v., 2; A. W., 119. 

Occurrence. — In nature chiefly as cassiterite or tin-stone, SnO,. 

Preparation. —By heating this ore with carbon. The oxide {putty 
powder) is used for polishing. 

Properties.— A silver-white metal, fusing at 228^ C, and used in 
many alloys. Tin-plate is sheet iron covered with a thin coating of tin. 
Tin-amalgam is used for silvering looking-glasses. 

COMPOUNDS OF TIN. 

There are two series of compounds, stamious having the metal biva- 
lent, and stannic having it quadrivalent. 

Stannous Chloride (Protochloride of Tin). 

M. P., Sna^ ; M. W., 225.5 ; G. P., Sn<^}- 

Preparation. — ^By dissolving tin in hot hydrochloric acid. Is 
a strong reducing agent, and used as a reagent and mordant in dyeing. 
Poured into much water it forms a precipitate of oxycMoride of tin. 

Stannic Chloride (Per chloride of Tin). 

M. P., Sna, ; M. W., 261 ; G. P., Sn/^^- 

\ci 

Preparation. — 1. By passing chlorine through a solution of stan- 
nous chloride. 2. By treating it with aqua regia. 



Stannic Snlphide. 

.A 

Preparation. — Precipitated from stannic solutions by hydrogen auL- 



M. P., SnS^ ; M. W., 183 ; G. P., Sn^ 
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phide. Mosaic gold, or bronze powder, is stannic sulphide, a golden^ 
colored powder, obtained by the action of sulphur on tin amalgam and 
ammonium chloride. 

GOLD (AXTRUM). 

S., Au; v., 4; A. W., 197. 

Occurrence. — In nature chiefly in the fiee state, often mixed with 
other metals. 

Preparation. — 1. By washing ores rich in gold, separating by me- 
chanical means and then dissolving in mercury. The amalgam is decom- 
posed by heating in a retort, the mercury distilling and gold remaining. 
2. From ores containing little gold, by treating the finely powdered ma- 
terial with potassium cyanide solution. The gold dissolves as double 
cyanide of gold and potassium, AuK(CN)2, and precipitates from the 
solution by electrolysis. 

Chemically pure gold is obtained by dissolving gold in aqua regia, 
removing free acid from the solution by evaporation, precipitating plat- 
inum by adding alcohol and potassium chloride, and frx)m the nitrate 
precipitating gold by adding a reducing agent, as oxalic acid, ferrous sul- 
phate, etc. Ihe precipitate is without lustre and is converted into a 
metallic mass by fusion. 

Properties.^— Gold is orange-yellow, green by transmitted light, 
has great ductility and malleability. In lorming foil its cohesiveness 
is greatly diminished. By heating the foil to redness its cohesiveness is 
restored. Gold is soluble in aqua regia, free chlorine, and mercury. It 
is trivalent in auric compounds, and univalent in aurous. 

Commercial Forms. — Pure gold is too soft for general use, and is 
therefore alloyed with silver and copper. The fineness of gold is 
expressed in carats, a term meaning one twenty-fourth part. Eighteen 
carats fineness indicates an alloy containing J^ pure gold. American 
coin contains 90 per cent, of gold. 

Refined gold is gold treated with nitric or sulphuric add to remove 
metals like silver and copper. 

COMPOUNDS OF GOLD. 
Auric Chloride (Chloride of Gold) — 

yd 

M.F.,AuCl3; M.W., 303.5; G. F., Au^ 

Preparation. — ^By dissolving gold in aqua regia and evaporating. 
Gold and Sodinin Chloride is a mixture of equal parts of chloride 
of gold and chloride of sodium. 
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PLATINUM. 

S.,Pt; v., 4; A.W.,194. 

Occurrence. — In nature free, but usually associated with certain 
rare metals (iridium^ osmium, rhodium, etc. ) which resemble it. 

Properties. — Being particularly resistant to heat and reagents, it is 
used for making chenucal apparatus ; is quadrivalent, and dissolves in 
aqua regia. 

COMPOUNDS OF PLATINUM. 
Platinic Chloride.— 

M. P., PtCl,; M. W., 336; G. P., Pt^ 



Preparation. — ^By dissolving platinum in aqua regia. 
Uses. — As a reagent for potassium and ammonium compounds, 
forming insoluble double salts, PtCUlKCl), or PtC^lNH^Cl),. 



MOLYBDENUM. 

S., Mo; v., 4; A. W., 96. 

Occurrence. — ^In nature as molybdenite (MoSj). 
Preparation. — ^By roasting this ore molybdic oxide, MoOs forms, 
which unites with water into an acid whose salts are molyhdates. 

COMPOUNDS OP MOLYBDENUM. 

Ammoniuin Molybdate.— 

M P., (NH,)2Mo04; M. W., 196; G. P., MoO<^~^'2*; 

Dissolved in dilute nitric acid it is a very sensitive reagent for ortho- 
phosphoric acid and its salts (see page 122). 

Phosphomolybdic Acid.— 

M. P., (H3PO,)222MoO; M. W., 3362. 

It is a mixfvre^ as shown by the molecular formula, therefore no 
satisfactory graphic formula may be indicated. 

Use. — A reagent, is prepared by digesting phosphoric acid with 
molybdic oxide until a clear solution is obtained, which is evaporated 
and cr3rstallized. 
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Qualitative Analysis of the Arsenic Group. 

The chief analytical reactions of arsenic and antimony have been 
indicated in the consideration of the detection of arsenic in organic 
matter. Tin is distinguished from gold and platinum by the solubility 
of its sulphide in strong hydrochloric acid. jPlatinum forms insoluble 
double salts with ammonium and potassium compounds in the presence 
of hydrochloric acid. Gold is easily precipitated from its solution by 
reducing agents, the dark precipitate being converted into the metallic 
form by heating. 

QUESTIONS. 

State the characteristics of the arsenic group of metals. 

What are the colors of the sulphides of these metals ? 

Which non-metallic elements do arsenic and antimony resemhle, and how ? 

How is metallic arsenic obtained from realgar ? 

What is the effect of water on metallic arsenic ? 

State the composition, mode of manufia^ture, and properties of arsenous 
oxide ? 

What is the composition of arsenous acid and of metarsenous acid ? 

What is the composition of Fowler's solution and of liquor acidi arsenosi? 

State the composition and mode of manufacture of arsenic oxide and 
sodium arsenate. 

State the composition, mode of manufacture, and properties of arsenic. 

What are sulpharsenites ? 

What is Donovan's solution? 

Describe Marsh's, Gutzeit's, Fleitmann's, and Reinsch's tests for arsenic. 

How may antimony be distinguished from arsenic ? 

State the composition, mode of manufacture, and properties of the sul- 
phides of antimony. 

What is butter of antimony ? 

What is powder of Algaroth, and how is it obtained ? 

State the composition and properties of antinionous oxide. 

State the occurrence in nature and uses of tin. 

State the compositions of the chlorides of tin^ 

What is Mosaic gold ? 

How is gold separated from its ores? 

How are chemically pure gold, refined gold, and cohesive gold obtained ? 

What is indicated by eighteen-carat gold ? 

What are the properties of platinum ? 

What is ammonium molybdate, and for what is it used? 

How is phosphomolybic acid made ? 
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IMPORTANT PHYSICAL AND CHEMICAL DATA. 



TABLES OF WEIGHTS AND MEASURES. 



Measures of Length. 



Metric System. 
1 millimeter = 0.001 meter 
0.01 meter 
= 0.1 



1 centimeter 
1 decimeter 
1 meter 

1 decameter = 10 
1 hectometer = 100 
1 kilometer = 1000 
1 yard or 36 inches 
1 inch 



meter = 

meters = 

meters = 

meters = 



U. S. Linear Measure. 

0.0394 inch. 

0.3937 inch. 

3.9371 inches. 
39.3708 inches. 
32.8089 feet. 
328.089 feet. 

0.6214 mile. 

0.9144 meter. 
25.4 millimeters. 



I. Measures of Capacity. 



Metric System. 



U. S. Liauid Measure. 



1 milliliter = 

1 centiliter = 

1 deciliter = 

1 liter = 

1 decaliter = 
1 hectoliter = 

1 kiloliter = 



1 C.C. = 0.001 liter = 

lOcc. =0.01 liter = 

lOOcc. = 0.1 liter = 

1000 C.C. = 

10 liters = 

100 liters = 



1000 liters = 264.18 



0.0021 pint. 
0.0211 pint. 
0.2113 pint. 
1.0567 quart. 
2.6418 gallons. 
26.418 gallons. 



gallons. 
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n. Measures of Capacity. 



U. S. Liauid Measure. 
1 U. S. gallon 
1 imperial gallon 
1 minim 
1 fluidrachm 
1 fluidounce 
1 liter 



Metric System. 

3785.3 C.C. 

4543.5 C.C. 

0.06 C.C. 

3.70 C.C. 

29.57 C.C. 

33.81 fluidounces. 



I. Measures of Weight. 



Metric System. 

1 milligram = 0.001 gram 

1 centigram = 0.01 gram 

1 decigram = 0.1 gram 
1 gram 

I decagram = 10 grams 

1 hectogram = 100 grams 

1 kilogram = 1000 grams 



Troy Weight. 

0.015 grain. 
0.154 grain. 
1.543 grain. 
15.432 grains. 
154.324 grains. 
0.268 pound. 
2.679 pounds. 



II. Measures of Weight. 



Troy Weight. 
1 grain 
1 drachm 
1 ounce 

1 ounce avoirdupois 
1 pound avoirdupois 
1 crith 



Metric System. 

0.0648 gram. 

3.888 grams. 

31.103 grams. 

28.350 grams. 

453.592 grams. 

0.0896 gram. 



Commercial Weights and Measures of the U. S. A. 



1 pound avoirdupois = 

1 ounce = 

1 gallon = 

1 gallon = 4 quarts = 8 pints. 

1 pint of water weighs 7291.2 grains at a temperature of 15.6® C. 



16 ounces. 
437.5 grains. 
231 cubic inches. 



1 drachm 
1 ouDce 



Troy Weight. 

60 erains. 
8 drachms 



= 480 grain& 



Diagram of Metric and Apothecary System Equivalents. 

COMPARATIVE SCALES, showing at a glance the exact equivalent of 
ordSDary weights and measures In those of the Metric System, and vice versa 
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MEASURES OF ENERGY. 

Dyne is the unit of force in the centimeter-gram-second system of 
measurement. It is that force which acting on a gram for one second 
generates a velocity of a centimeter per second. The force of a dyne 
equals the weight of 1.02 m.g. 

Megadyne equals 1,000,000 dynes. 

Erg, tTie unit of work in the centimeter-gram-second (C. G. S.) 
system of measurement of force. It is the amount of work done by 
the unit of force, one d3nie, acting through the unit of distance, one 
centimeter, in the unit of time, one second. 

Megaerg equals 1,000,000 ergs. 

Foot-pound is the amount of work required to raise one pound one 
foot against the force of gravity in one second. One foot-pound is equal 
to 13.56 megaergs. 

Horse power is the force which is equal to 550 foot-pounds. One 
horse power is equal to 7458 megaergs. 



ELECTRICAL UNITS. 

Ohm is the unit of resistance : that offered by a column of mercury 
at 0® C. 106.3 cm. long, weighing 14.4521 grams, and having a uniform 
cross-section. 

Ampere is the unit of current. An ampere is such a current as 
will deposit 0.001118 gram of silver per second from a neutral solution 
of silver nitrate. 

Volt is the unit of electromotive force. A volt is the force required 
to produce a current of one ampfere after overcoming the resistance of 
one ohm. 

Coulomb is the unit of quantity of electricity transferred by a cur- 
rent of one ampere in one second. 

Farad is the unit of capacity. It is the capacity of a condenser, 
charged to one volt by one coulomb. 

Joule is the unit of work. It is the amount of energy required to 
send one ampere of current through one ohm resistance m one second. 
One joule equals 10,000,000 dynes. 

Watt is the unit of power. A watt is ecjuivalent to the work done at 
the rate of one joule per second. One watt is 10,000,000 ergs or yj^ h.jj. 

Henry is the unit of induction. It is the induction in a circuit 
when the electromotive force induced in this circuit is one volt, while 
the inducing current varies one ampere per second. 
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TABLE OF ELEMENTS. 



Name. 


%• 


Atomic 
Weight. 


Name. 


& 


Atomic 
Weight. 


! 

Aluminum 


Al 


27.04 


Neodymium 


Nd 


142.6 


Antimonj 


Sb 


119.6 


Nickel 


Ni 


58.6 


Argon 


A 


40.0? 


Nitrogen 


N 


14.01 


Arsenic 


As 


74.9 


Osmium 


Os 


190.3 


Barium 


Ba 


136.9 


Oxygen 
Palladium 





15.96 


Beryllium^ 


Be 


9.03 


Pd 


106.35 


Bismuth 


Bi 


208.9 


Phosphorus 


P 


30.96 


Boron 


B 


10.9 


Platinum 


Pt 


194.3 


Bromine 


Br 


79.76 


Potassium 


K 


39.03 


Caxlmium 


Cd 


111.5 


Praseodymium 


Pr 


139.4 


Caesium 


Cs 


132.7 


Rhodium 


Rh 


102.9 


Calcium 


Ca 


39.91 


Rubidium 


Rb 


85.2 


Carbon 


C 


11.97 


Ruthenium 


Ru 


101.4 


Cerium 


Ce 


139.9 


Samarium 


Sm 


149.62 


Chlorine 


CI 


35.37 


Scandium 


Sc 


43.97 


Chromium 


Cr 


52.0 


Selenium 


Se 


78.87 


Cobalt 


Co 


58.6 


Silicon 


Si 


28.3 


Columbium* 


Cb 


93.7 


Silver 


Ag 


107.66 


Copper 
Erbium 


Cu 


63.18 


Sodium 


nI 


23.0 


Er 


166.0 


Strontium 


Sr 


87.3 


Fluorine 


F 


19.0 


Sulphur 


S 


31.98 


Gallium 


Ga 


69.9 


Tantalum 


Ta 


182.0 


Germanium 


Ge 


72.3 


Tellurium 


Te 


125.0 


Gold 


Au 


196.7 


Terbium 


Tb 


159.7 


Helium 


He 


4.0 


Thallium 


Tl 


203.7 


Hydrogen 


H 


1.0 


Thorium 


Th 


231.9 


Indium 


In 


113.6 


Thulium 


Tu 


169.4 


Iodine 


I 


126.53 


Tin 


Sn 


118.8 


Iridium 


Ir 


192.5 


Titanium 


Ti 


48.0 


Iron 


Fe 


55.88 


Tungsten 


W 


183.6 


Lanthanum 


La 


138.2 


Uranium 


U 


238.8 


Lead 


Pb 


206.4 


Vanadium 


V 


51.1 


Lithium 


Li 


7.01 


Xenon 


X 


127.1 


Magnesium 


Mg 


24.3 


Ytterbium 


Yb 


172.6 


Manganese 


Mn 


54.8 


Yttrium 


Yt 


88.9 


Mercurv 
Molybdenum 


Hg 


199.8 


Zinc 


Zn 


65.1 


Mo 


95.9 


Zirconium 


Zr 


90.4 



» Also called Glucinum. 
'Also called Niobium. 
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ABEBBATION of lenses, 42 
Absorption, 21 
spectra, 38 
Achromatic prism, 36 
Acid, arsenic, 191 

arsenoas, 190 

boric, 110 

carbonic, 107 

chloric, 128 

XJhlorine, 128 

chlorous, 128 

chromic, 169 

definition and general characteris- 
tics of, 76 

dithionic, 115 

hydrazoic, 100 

hydriodic, 131 

hydrobromic, 130 

hydrochloric, 126 

hydrofluoric, 125 

hydrosulphuric, 113 

hypochlorous, 128 

hypophosphoroas, 123 

hyposulpharous, 114 

iodic, 131 

manganic, 167 

metaboric, 110 

metaphosphoric, 123 

muriatic, 126 

nitric, 103 

nitrohydrochloric, 127 

nitromuriatic, 127 

nitrous, 103 

pentathionic, 115 " 

perchloric, 128 

permanganic, 167 

persulphuric, 115 

phosphoric, 121, 122 
glacial, 123 

phosphorous, 121 

pyrophosphoric, 123 

pyrosulphuric, 117 



Acid, silicic. 111 

sulphuric, 116 
Nordhausen, 117 

sulphurous, 115 

tetrathionic, 115 

thiosulphuric, 114 

triazoic, 100 

trithionic, 115 
Adhesion, 21 
Affinity, chemical, 62 
Air, analysis of, 98 

atmospheric, 98 

liquid, 99 
Algaroth, powder of, 196 
Alkali metals, 134 

tests for, 144 
Alkaline earths, 147 
Allotropic forms of carbon, 106 
of phosphorus, 120 
of sulphur, 113 

varieties of silver, 185 
Allotropy, 75 
Alloys, 134 

Alternating electric current, 53 
Aluminum, 154 

bronze, 154 

chloride, 155 

hydroxide, 155 

sulphate, 155 

tests for, 158-173 
Alums, 156 
Amalgams, 134-142 
Ammonia, 99 

aromatic spint of, 144 

determination of, by Nessler's rea- 
gent, 93 

water, 100 
Ammonium, 142 

inorganic salts of, 134-144 

molybdate, 199 

tests for, 93, 144 
AmorphoTXft, c^\^\\\>^ ^*3a 
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Ampere, 52, 54 
Analysis, 82 

of air, 98 
Angle, critical, 35 
Anhydride, 86 

sulphuric, 116 

sulphurous, 115 
Anions, 55 

Antimonic compounds, 195, 196 
Antimouous compounds, 195, 196 
Antimony, 195 

butter of, 196 

compounds of, 195, 196 

glass of, 195 

potassium tartrate, 196 

tests for, 194 
Antimonyl compounds, 194 
Apochromatic lenses, 42 
Apothecaries* weights, table of, 203 
Aqua ammonia, 100 

fortis, 103 

regia, 127 
Argon, 98 
Armature, 59 

Aromatic spirit of ammonia, 144 
Arsenic, 190 

compounds, 191, 192 

tests for, 193 
Arsenous compounds, 190, 192 
Arson uretted hydrogen, 192 
Arsine, 192 
Artiads, 70 
Artificial magnets, 57 
Ash, pearl, 140 

soda, 136 
Astatic needle, 59 
Atmosphere, composition of, 98 
Atmospheric air, 98 
Atomic weight, 63 

methods of determination of, 63, 
64 

weights, table of, 205 
Atoms, 18, 62 
Attraction, capillary, 21 
Avogadro, law of, 19 
Axis of crystallization, 23 
Axis of lens, 41 

BAKING soda, 136 
Ball soda, 136 
Barium, 151 
compounds, 151, 152 
testa for, 153 
Barometer, 20 
mercary, 20 



Bases, definition and general charac- 
teristics of, 77 
Batteries, electric, 52 
Battery (Leyden), 50 
Berthollet, law of, 82 
Beryllium, 147 
Bismuth, 180 

compounds, 180, 181 

tests for, 188 
Bismuthyl compounds, 180, 181 
Black ash, 136 

phosphorus, 120 

wash, 182 
Blast furnace, 108 
Bleaching powder, 149 
Blow-pipe, 108 
Blue vitrei, 178 
Bodies, diamagnetic, 58 

paramagnetic, 58 
Boiling-point, 29 
Borates, tests for, 110 
Borax, 109 
Boric acid, 110 
Boron, 109 
Boyle, law of, 24 
Bright line spectra, 38 
Bromates, 120 
Bromides, 120 
Bromine, 119 
Bronze, aluminum, 154 
Bunsen burner, 108 
Butter of antimony, 196 

of zinc, 171 

CADMIUM, 187 
compounds, 187 
tests for, 188 
CsBsium, 142 
Calcium, 148 

compounds, 149, 150 

tests for, 153 
Calomel, 183 
Calorie, 31 
Calorimeter, 31 
Camera, 43 

Capillary attraction, 21 
Carbon, 105 

allotropic forms of, 106 

dioxide, 106 

disulphide, 118 
Carbonates, tests for, 107 
Carbonic acid, 107 
Carborundum, 117 
. Cathode rays, 56 
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Caustic, lunar, 186 

potash, 139 

soda, 136 
Cells, galvanic, 50, 51 

voltaic. 50, 51 
Cement, 148 
Cerium, 158 

oxalate, 158 

tests for, 159, 173 
Charcoal, 106 
Charles, law of, 27 
Chemical action of light, 44 

affinity, 62 

comhination, laws of, 67 

decomposition, 81 

formulas, 66 

nomenclature, 84 

reaction, 80 

solution, 22 

symbols, 66 
Chemistry, definition of, 61 
Chili saltpetre, 138 
Chlorates, 129 
Chloric acid, 128 
Chloride, aluminum, 155 

platinic, 198 
Chlorides of gold, 198 

tests for, 127 
Chlorinated lime, 149 
Chlorine, 126 

acids, 128 

oxides, 127, 128 
Chlorous acid, 128 
Chromic acid, 169 
Chromium, 168 

compounds, 168, 169 

tests for, 173 
Cinnabar, 185 
Circuit 52 

Classification of metals, 133 
Clays, 157 
Cobalt, 170 

compounds, 170 

tests for, 173 
Coefficient of expansion, 28 
Coercive force, 59 
Cohesion, 22 
Coil, induction, 54 

Euhmkorf, 54 
Coin silver, 186 
Colored glass, 111 
Colors, 33 
Combustion, 89 

products of, 107 
Composition of atmosphere, 98 

14— P, I. 0. . 



Compounds, antimonic, 195, 196 

antimonous, 195, 196 

arsenic, 191, 192 

barium, 151, 152 

bismuth, 180, 181 

cadmium, 187 

calcium, 149, 150 

chromium, 168, 169 

cobalt, 170 

copper, 177, 179 
ammonio-, 178, 179 

definition of, 62 

ferric, 161, 165 
reactions of, 173 

ferrous, 160, 164 
reactions of, 173 

iron, 161, 165 

lead, 176, 177 

magnesium, 145, 147 

manganese, 165-167 

mercuric, 182, 184 

mercurous, 182, 184 

potassium, 139, 141 

silicon, 110, 111 

silver, 186, 189 

sodium, 135, 138 

tin, 197 

zinc, 170, 172 
Condensation, 29 
Condensers, electric, 49 
Conservation of energy, 25 
Contraction, 27 
Copper, 177 

compounds, 177, 179 
ammonio-, 178, 179 

tests for, 188 

toxicology of, 179 
Corrosive sublimate, 183 
Coulomb, 204 
Crith, 86 
Critical angle, 35 

temperature, 29 
Crocus, 195 
Crude potash, 140 
Cryoscopy, 30 
Crystallization, 22 

axis of, 23 

water of, 23, 95 
Current, electric, 52 
alternating, 53 

DECOMPOSITION, chemical, 81 
by electricity, 55 
Deliquescence, 95 
Density, 1^ 
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Destructive distillation, 30 
Dew-point, 98 
Dialysis, 24 
Dialyzed iron, 162 
Diamagnetic bodies, 58 
Diamine, 100 
Diamond, 106 

Dielectric, polarization of, 48 
Diffusion, 24 
Digester, Papin's, 29 
Disassociation, 56 
Discharges, electric, 47 
Dispersion of light, 36 
Distillation, 30 

destructive, 30 

fractional, 30 
Distilled water, 94 
Dithionic acid, 115 
Drinking-water, 91 
Dulong and Petit, law of, 64 
Dynamo-electric machines, 53 

EARTH metals, 154 
Earths, alkaline, 147 
Ebullition, 29 
Efflorescence, 95 - 
Elasticity, 21 
Electric batteries, 52 

condensers, 49 

current, 52 

discharges, 47 

heaters, 55 

lights, 55 

machines, 48 

motors, 53 

sparks, 56 
Electrical properties of elements, 75 
Electricity, 45 

alternating current, 53 

decomposition by, 55 

frictional, 45 

induction, 47 

negative, 46 

positive, 46 

quantity, 47 

static, 48 

voltaic, 50 
Electrode, 51 
Electrolysis, 55 
Electrolyte, 51, 55 
Electromagnet, 57 
Electromotive force, 51 
Electroscope^ A6 
Element, definition of, 62 
Elements, atomic weights, table of, 205 



Elements, classification of the, 71| 
72 

electrical properties of, 75 
Energy, 24 

conservation of, 25 ' 

kinetic, 25 

potential, 25 
Epsom salt, 146 
Equations, 82 
Equivalents, law of, 68 
Evaporation, 29 
Expansion, 27 

coefficient of, 28 
Extension, 18 

FARAD, 204 
Ferrates, 161 
Ferric compounds, 161, 165 

reactions of, 173 
Ferrous compounds, 160, 164 

reactions of, 173 
Field, magnetic, 59 
Flame, 107 

oxidizing, 108 

oxy-hydrogen, 108 

reducing, 108 

structure of, 108 
Fleitmann's test, 194 
Fluorescence, 33 
Fluoroscope, 51 
Fluorspar, 125 
Focus of lenses, 42 
Force, 24 

coercive, 59 

electromotive, 51 
Formulas, 66 

chemical, 66 

graphic, 69 

molecular, G^ 

structural, 69 
Fowler's solution, 191 
Fractional distillation, 30 
Freezing-point, 29 
Frictional electricity, 45 
Furnace, blast, 108 

GALVANIC cells, 50, 51 
Gas, 24 
laughing, 102 
Gay-Lussac, law of, 68 
Glacial phosphoric acid, 123 
Glass, 111 

of antimony, 195 
I colored, 111 
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Glauber salt, 137 
Glucinam, 147 
Glycozone, 96 
Gold, 198 

chlorides, 198 

mosaic, 198 
Graham, law of, 208 
Graphic formulas, 69 
Graphite, 106 
Gravitation, 18 

Newton's law of, 19 
Green vitriol, 163 
Gunpowder, 140 
Gutzeit's test, 194 

HALOGENS, 125 
Heat, 26 
chemical combination under, 
80 
decomposition under, 80 
conduction, 31 
convection, 31 
effects of, 26 
generation, 26 
latent, 27 
radiation, 31 
sensible, 27 
sources of, 26 
specific, 30 
Heaters, electric, 55 
Helium, 98 
Hepar test, 113 
Hydrazines, 100 
Hydrazoic acid, 100 
Hydriodic acid, 131 
Hydrobromic acid, 130 
Hydrochloric acid, 126 
Hydrofluoric acid, 125 
Hydrogen, 86 
arsenuretted, 192 
dioxide, 95 
preparation of, 87 
sulphide, 113 
sulphuretted, 113 
Hydrometer, 20 
Hydrosulphuric acid, 153 
Hydroxide, aluminum, 155 
Hydroxides, 95 
Hydroxylamine, 100 
Hypobromites, 130 
Hypochlorous acid, 128 
Hypochlorites, 128 
Hypophosphites, 124 
Hypophosphorous acid, 123 
HypoBulphurous acid, 114 



INDESTRUCTIBILITY, 21 
1 Induction coil, 54 

electricity, 47 
Inorganic salts of ammonium, 134-144 
Insulators, 46 
Intensity of light, 43 
Iodic acid, 131 
Iodides, 131 

tests for, 131 
Iodine, 130 

chloride, 131 
Ions, 55 
Iridium, 57 
Iron, 159 

compounds, 161, 165 

dialyzed, 162 

metallic, varieties, 160 

tests for, 173 
Isomorphous, 23 

JOULE'S equivalent, 31 



KAOLIN, 157 
Kelp, 130 
Kermes mineral, 193 
Kindling-point, 90 
Kinetic energy, 25 

LATENT heat, 27 
Laughing gas, 102 
Law of Avogadro, 19 

of Berthollet, 82 

of Boyle, 24 

of Charles, 27 

of constancy of composition, 67 

of Dulong and Petit, 64 

of equivalents, 68 

of Gay-Lussac, 68 

of Graham, 24 

of Mariotte, 24 

of mass action, 81 

of Mendelejeff, 73, 74 

of multiple proportions, 68 

of Newton, 19 

of Ohm, 52 

periodic, 73, 74 

of reflection of light, 34 

of refraction of light, 34 
Lead, 175 

compounds, 176, 177 

tests for, 188 

toxicology of, 176 
Leblauc process, 135 
Lenses, 41 
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Lenses, aberration of, 42 

apochromatic, 42 

axis of, 41 

diameter of, 41 

focus of, 42 

optical centre of, 41 
Leyden battery, 50 

jar, 49 
Light, 32 

chemical action of, 44 

dispersion of, 36 

intensity of, 43 

polarized, 39 

rays of, 33, 39 

reflection of, 33 
laws of, 34 

refi-action of, 34, 38 
laws of, 34 

waves, velocity of, 33 
Lights, electric, 55 
Lime, 148 

chlorinated, 149 

milk of, 148 

sulphurated, 151 

water, 148 
Liquefaction, 29 
Liquid air,. 98 
Liquids, 23 
Liquor acidi arseniosi, 191 

potassii arsenitis, 191 

sodii arsenitis, 192 
Litharge, 176 
Lithium, 138 
Liver of sulphur, 141 

MACHINES, dynamo-electric, 53 
electric, 48 
Magnesia, 146 
Magnesium, 145 

compounds, 145, 147 

tests for, 153 
Magnetic field, 59 

poles, 58 
Magnetism, 57 

Magneto-electric machines, 53 
Magnets, 57 

artificial, 57 

compound, 59 

electro-, 57 

natural, 57 
Manganese, 165 

compounds, 165, 167 

oxides, 166 
tests for, 173 
Manganic acid, 167 



Mariotte, law of, 24 
Marshes test, 193 
Mass, 18 

action, 81 
law of, 81 
Matter, 18 

fundamental properties of, 18 

states of, 22 
Measures, tables of, 201, 202 
Meerschaum, 145 
MendelejeflT, law of, 73, 74 
Mercuric compounds, 182, 184 

structure of, 182 
Mercurous compounds, 182, 184 

structure of, 182 
Mercury, 181 

ammoniated, 185 

barometer, 20 

tests for, 188 
Metaboric acid, 110 
Metalammoniums, 178 
Metallic phosphorus, 120 
Metals, 72, 133 

alkali, 134 

classification of, 133 

earth, 154 

general characteristics of, 72, 133 

heavy, 134 

light, 133 
Mctaphosphoric acid, 123 
Metric weights, table of, 203 
Mica, 158 

Microcosmic salt, 143 
Microscope, 43 
Milk of lime, 148 

of sulphur, 113 
Milliamp^remeter, 53 
Mineral water, 94 
Mirror, image in, 34 
Mixture, molecular, 67 
Molecular formula, 66 

mixture, 67 

weight, 63 
determination of, 65, 66 
Molecules, 18, 62 
Molybdate, ammonium, 199 
Molybdenum, 199 
Mortar, 148 
Mosaic gold, 198 
Motors, electric, 53 
Multiple proportions, law of, 68 
Muriatic acid, 126 

^ VTASCENT state, 76 
\\N ^ftfe^ft, astatic, 59 
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Negative electricity, 46 

Nessler's reageut, 123 

Neutralization, process of, 78 

Newton's law of gravitation, 19 

Nickel, 170 

NichoPs prism, 40 

Nitrates, reactions of, 104 

Nitre, 130 

Nitric acid, 123 

Nitrites, quantitative estimation of, 94 

reactions of; 103 
Nitrogen, 97 

acids, 101 

chloride, 12& 

iodide, 132 

oxides, 101 
Nitrohydrochloiic acid, 127 
Nitromnriatic acid, 127 
Nitrous acid, 103 

oxide, 102 
Nomenclature, chemical, 66 
Nordhausen sulphuric acid, 117 

OHM, 52, 204 
law of, 52 
Oil of vitriol, 116 
Opacity, 40 
Orpiment, 192 
Oxidation, 99 
Oxides, chlorine, 127, 128 
Oxidizing agents, 90 

flame, 108 
Oxygen, 88 

preparation of, 88 
Oxyhydrogen flame, 108 
Ozone, 90 

PAPIN'S digester, 29 
Paramagnetic bodies, 58 
Pearl ash, 140 
Pentathionic acid, 115 
Perchloric acid, 128 
Periodic law, 73, 74 
Permanganic acid, 167 
Persiads, 70 
Persulphuric acid, 115 
Phosphates, primary, 122 

quantitative estimation of, 123 

secondary, 122 

tertiary, 122 

tests for, 122 

triple, 147 
Phosphine, 124 
Phosphites, reactions of, 121 
Phosphorescence^ 43 



Phosphoric acid, 121, 122 

glacial, 123 
Phosphorium chloride, 124 
Phosphorus, 119 

allotropic forms of, 120 

black, 120 

metallic, 120 

oxides, 120 

red, 120 

toxicology of, 120 
Photometer, Bumford's, 43 
Physical solution, 22 
Physics, 17 

applied, 17 

general, 17 
Platinic chloride, 198 
Platinum, 198 
Polariscope, 39 
Polarization, 39, 51 
Polarized light, 39 
Poles, magnetic, 58 
Polymorphous, 23 
Porosity, 21 
Positive electricity, 46 
Potable water, 91 

chemical examination of, 92 
contamination of, 91 
purification of, 92 
Potash, caustic, 139 

crude, 140 
Potassa, 139 

sulhpurata, 141 
Potassse, liquor, 139 
Potassium, 139 

antimonyl tartrate, 196 

compounds, 139, 141 

dichromate, 168 

permanganate, 167 
Potential, 48 

energy, 25 
Powder of Algaroth, 196 

bleaching, 149 
Prism, 35 

achromatic, 36 

Nichol's, 40 

refraction in a, 35 
Pyrophosphoric acid, 123 
Pyrophosphates, 123 
Pyrosulphuric acid, 117 

RADICAL, 70, 78 
Radio-activity, 57 
Ratsbane, 193 
Rays, cathode, 56 
light, 33, 39 
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Bays, a?-, 56 
Beagent, 80 
Bealgar, 192 
Bed phosphorus, 120 
Bedacing agents, 87 
Befiection of light, 33 

laws of, 34 
Befraction, index of, 35 

of light, 34 
double, 38 

in a prism, 35 
Beinsch's test, 194 
Besistance coils, 53 
Bontgen rays, 56 
Botation, dextro, 40 

IfiBvo, 40 

specific, 40 
Bubidium, 142 
Buhmkoi*f coil, 54 
Bumford's photometer, 43 

SACCHABIMETEB, 39 
Sal ammoniac, 143 
soda, 135 
volatile, 143 
Salt, 135 
acid, 77 
basic, 77 
-cake, 135 
double, 77 
Epsom, 146 
Glauber, 137 
microcosmic, 143 
normal, 77 
oxy, 77 
sub, 77 
Saltpetre, 143 

Chili, 138 
Salts, inorganic, of ammonium, 134, 144 
Saturated solution, 22 
Selenium, 118 
Silicates, 111 
Silicic acid, 111 
Silicon, 110 

compounds, 110, 111 
Silver, 185 
allotropic varieties, 185 
coin, 186 

compounds, 186, 189 
nitrate, 186 
ammonio-, 186 
diluted, 186 
moulded, 186 
tests for, 188 
Slag, 160 



Soda, 136 

ash, 136 

baking, 136 

ball, 136 

caustic, 136 

washing, 135 

lime, 138 
Sodium, 135 

arsenite, 191 

borate, 109 

cobaltic nitrite, 138 

compounds, 135, 138 

hyposulphite, 117, 137 

peroxide, 136 

thiosulphate, 117, 137 
Solar spectra, 38 
Solenoid, 58 
Solids, 22 

characteristic properties of, 23 
Soluble glass. 111 
Solution, 22 

chemical, 22 

Fowler's, 191 
• physical, 22 

saturated, 22 
Solvay process, 136 
Sparks, electric, 46 
Specific gravity, 19 

modes of determining, 20 

heat, 30 

weight, 19 
Spectra, 38 

absorption, 38 

bright line, 38 

continuous, 38 

solar, 38 
Spectroscope, 36 

Spirit of ammonia, aromatic, 144 
Stannic compounds, 197 
Stannous chloride, 197 
Static electricity, 48 
Steel, 160 
Stereoscope, 43 
Stoichiometry, 82 
Strontium, 151 

tests for, 153 
Structural formulas, 69 
Structure of flame, 108 
Sublimation, 30 
Sulphate, aluminum, 155 
Sulphates, tests for, 117 
Stilphites, tests for, 116 
Sulphur, 112 

acids, 114 
\ a\\oUo^\c forms, 113 
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Sulphur, hepar, 141 
iodide, 131 
liver of, 141 
milk of, 113 
oxides, 114 
varieties of, 112 
Sulphurated lime, 151 
Sulphuretted hydrogen, IW 
Sulphuric acid, 116 
Nordhausen, 117 
anhydride, 116 
Sulphurous acid, 115 

anhydride, 115 
Surface action, 21 
Symhols, chemical, w 
Synthesis, 82 



TABLE of atomic weights, 205 
of elemente,^ 
of measures, 201, 202 
of metric and apothecaries 
weights, 203 oai oao 

of weights and measures, 201, 202 
Tartar emetic, 196 
Telescope, 43 
Tellurium, 118 
Temperature, 27 
ahsolute, 28 
critical, 29 
Test, Fleitmann s, 194 
Gutzeit*s, 194 
hepar, 113 
Marshes, 193 
Reinsch's, 194 
Tests for alkali, 144 
for aluminum, loo, i/o 
for ammonium, 93, 144 
for antimony, 194 
for arsenic, 193 
for harium, 153 
for bismuth, 188 
for borates, 110 
for cadmium, 188 
for calcium, 153 
for carbonates, 107 
for cerium, 158, 173 
for chlorides, 127 
for chromium, 173 
for cobalt, 173 
for copper, 188 
for iodides, 131 
for iron, 173 
for lead, 188 
for magnesium, 153 
for manganese, 173 



Tests for mercury, 188 
for phosphates, 122 
for silver, 188 
for strontium, 153 
for sulphates, 117 
for sulphites, 116 
for zinc, 173 
Tetrathionic acid, 115 
Thermometers, 30 
Thiosulphuric acid, 114 
Tin, 197 

compounds, 197 
Toxicology of copper, 179 
of lead, 176 
of phosphorus, 120 
Translucency, 33 
Transparency, 33 
Triazoic acid, 110 
Trithionic acid, 115 
Turpeth mineral, 184 



TTLTBAMABINE, 158 

VALENCE, 68 
Velocity of waves of light, 33 
Vermilion, 185 
1 Vitriol, blue, 178 
green, 163 
oil of, 116 
' white, 172 
Volatilization, 29 
Volt, 52 
Voltaic cell, 51 

WASHING soda, 135 
Water, 90. 
ammonia, ivw 
chlorine, 126 
of crystallization, 95 
distilled, 94 Wof^r 

drinking- (see also Water, 

potable), 91 
hard, 91 
lime, 148 
mineral, 98 
natural, 91 

^^chemical examination of, 92 
contamination of, 91 
purification of, 92 
Waves of light, velocity of, 33 

'^:;fthei^ries^ table of. 203 
atomic, 63 
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Weight, atomic, method of determina- 
tion of, 63, 64 
molecular, 63 
determination of, 65, 66 
Weights, atomic, table of, 205 
metric, table of, 203 
specific, 19 
White precipitate, 185 
vitriol, 172 



X 



RAYS, 56 



yELLOW wash, 182 

ZINC, 170 
butter of, 171 
compounds, 170, 172 
tests for, 173 
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